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FOREWORD

The papers presented at the Twenty-Seventh Anunual Conference of the
Military Testing Association came from the business, educational, and
military communities, both foreign and domestic. The papers reflect
the opinions of their authors only and are not to be construed as the

official policy of any institution, governmeat, or branch of the armed
services.
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OPENING SESSION OF THE 27TH ANNUAL
MILITARY TESTING ASSOCIATION CONFERENCE

21 October 1985

The 27th Annual Conference of the Military Testing Association was hosted by the
Navy Personnel Research and Development Center (NPRDC). The Conference was held
at the Bahia Hotel in San Diego, California, 21 through 25 October 1985. A total
of 169 paper and symposium presentations were given during 57 sessions
structured into three concurrent tracks. Conference attendance was 326.

CALL TO ORDER: Dr. Martin F. Wiskoff, Head, Manpower and Personnel Laboratory,
NPRDC, and MTA Chairman called the Conference to order at 1300, 21 October. Dr.
.Wiskoff then introduced the MTA President, CAPT Howard S. Eldredge, Commanding
Officer, NPRDC.

WELCOME: CAPT Eldredge officially welcomed the attendees to the Conference and
San Diego. He discussed the importance of personnel systems to missions of the
armed forces and emphasized how they recpresent the key to military superiority.
CAPT Eldredge then expressed the hope that the formal presentations and the
informal interchanges the attendees would experience during the week would go
far to further personnel research and development.

KEYNOTE: Prior to the intro’uction of the keynote speaker, Brigadier General
Caleb J. Archer, Commander, U.S. Military Entrance Processing Command, Dr.
Wiskoff gave a brief summary of the General's career. Dr. Wiskoff noted that
General Archer has held a wide variety of important command and staff positions.
In 1966 he served in Vietnam commanding the 212th Military Police Company and
later was Chief of Physical Security for the U.S. Army Vietnam. General Archer
also served on the faculty of the Army Command and General Staff College and has
served as Provost Marshal of the 3rd Infantry Division in Wurzburg, Germany and
Commander of the 793rd Military Police Battalion, Nuremburg, Germany. General
Archer has also served in Washington, DC as the Army Deputy Chief of Staff for
Personnel. He has been the Provost Marshal of the Army Field Artillery Center
at Fort Sill, Oklahoma. His most recent assignments have included Commander,
Western Region Recruiting Command at the Presidio of San Francisco, Commandant
of the Army Military Police School and Deputy Commanding General of the Army
Military Police and Chemical Training Centers, Fort McClellan, Alabama

Dr. Wiskoff then asked the attendees to give a warm welcome to General Archer.
(General Archer's address follows in its entirety.)
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THE U. S. MILITARY ENTRANCE PROCESSING COMMAND AND ITS TESTING
PROGRAM FOR THE AIDS VIRUS

Brigadier General Caleb J. Archer
U. S. Military Entrance Processing
Command

CAPT Eldredge, Dr. Lancaster, Dr. Wiskoff, ladies and gentlemen.

It is a distinct privilege and honor for me to be invited to speak
to this group of researchers and professionals. Although I've only
been the Commander of the U. S. Military Entrance Processing
Command (USMEPCOM) for three months, I've seen already what an
important part research plays in our command and, in fact, the
whole Armed Forces. Your efforts in developing the various forms
of testing are very important to us. As past Commandant of the
Military Police School I can also assure you of the importance of
other areas of personnel research and development such as your
efforts involving women in the Armed Services,

At this time we in USMEPCOM are faced with the complex issue of the
Acquired Immune Deficiency Syndrome (AIDS). It is an issue that
will require immense effort to see the problem to a successful
solution. We'll need your help.

What I would like to do today is first to tell you a little bit
about the Command and then to talk about the mission we have
received in USMEPCOM to test all new applicants to the Armed Forces
for the HTLV-III antibody related to the AIDS virus.

USMEPCOM reports directly to the Department of Defense through Dr.
Steve Sellman and Dr. Lancaster's office, and up to LTG Chavarrie.
We have a very direct route through Headquarters DCSPER because
they are the executive agent for processing for the Armed Forces.
Our biggest customers are the four recruiting commands - Army,
Navy, Air Force, and Marine Corps - and the fourteen training
centers - eight Army, three Navy, 1 Air Force, and 2 Marine Corps.
We qualify applicants for this complex system.

We have 68 Military Entrance Processing Stations (MEPS) throughout
the U. S. and overseas and two substations - one in Guam and one in
Alaska. This structure is broken down into three sectors - the
Western Sector under Marine Corps COL Bill Stroup, headquartered in
San Francisco; the Central Sector under Army COL James Tyler,
headquartered in Chicago; and the Eastern Sector under Air Force
COL Linda Sendt at Fort Meade, Maryland. We are a joint staff
agency with about 49%, Army, 21% Navy, 19% Rir Force, and 11%
Marine Corps. The service affiliations of our commanders reflect
these service percentages. However, we have 24 female commanders
out of a total of 68 because all of our Navy commanders are female.
This is because the Navy is seeking command billets for this level
of female officer and, fortunately for us, we are able to take
advantage of the situation.




Our screening process is based on the Armed Forces Vocational
Aptitude Battery (ASVAB). We administer the ASVAB to about one
million applicants at our testing sites each year and we administer
an additional million in high schools. So we give the test about
two million times each year.

We give about 540,000 physical exams at our stations a year but
next year that will rise to 700,000 because we are taking on the
responsibility of examining for the Army National Guard starting 1
December.

In addition to testing, USMEPCOM interviews applicants to detect
law violations and other disqualifying past conduct.

Out of the total, the selection process pares the number down to
about 380,000 that actually join the Armed Forces through the
Military Entrance Processing Stations (MEPS) per year. All but
about 5% of the total enter the Delayed Entry Program. This
program allows the participants to delay entrance for up to a year.
Currently the program has about 130,000 in it but this number
varies up to about 150,000. So we are always working with the
future in mind in our enlistment process.

For our production tests, the ones we give to the million
applicants, we use the ASVAB 11, 12, and 13 forms which many of you
have worked on. For the school test, administered in the high
schools and junior colleges, we use ASVAB 14. With the help of Dr.
Lancaster and others, we have just got testina specialists in all
81 of our stations. These specialists help market ASVAB to the
schools., We market it as the excellent counseling tool it is but,
of course, it also has great value to the recruiters. It allows
the recruiters to direct their attention to the high quality
youngsters the military needs to enlist.

We have some difficulty getting into some of the high schools to
test., We give the ASVAB in about 79% of the schools but some of
them test only three to five examinees so the totals don't add up
very fast. We only test about 13% of the available high school
juniors and seniors in the country. Endorsements from state
agencies, city officials, and school administrators help the
program, but the strong feeling that any outside activity detracts
from the education process plays against our initiatives.

We also administer special purpose tests at the time of enlistment
for the services - tests which many of you helped develop - and my
staff and I participate in the planning of Department of Defense
research,

I now want to give you an example of the kind of research most of
our commanders grasp at -- specifically that which gives the
comnander a product in the near term. When we marketed the ASVAB
to the schools in July 1984, we thought the test would take only
three hours to administer but with the inclusion of the
instructions the time was increased to about three hours and twenty
minutes, Now this does not sound like much of a problem but all
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the testing periods had been blocked into three hours. The school
bells rang and students got up and wandered off. We had many
incompleted tests and test security was compromised. Some of the
schools quit the program and the recruiters were becoming upset.

A research program was quickly implemented by the Command with Navy
trainees to see if shortened instructions would still be effective.
It was determined that both an experimental and control group did
equally as well and that shortening the instructions would have no
impact on test validity. So we were able to shorten the test back
to three hours and continue with the high school testing program.

Another example of research with great value to USMEFCOM is the
Computerized Adaptive Testing - Armed Services Vocational Aptitude
Battery (CAT-ASVAB) program which will be discussed thoroughly this
week, CAT is an example of basic research which has matured to the
practical level; we will be putting it to use in the near future.

I won't cover the CAT-ASVAB milestones since they will be discussed
in depth during the week's sessions. However, the one I am
interested in is when we declare victory and actually start CAT-
ASVAB testing in the MEPS. In the meantime it is going to be a
burden to get CAT-ASVAB evaluated, especially for the recruiters
who must bring in applicants and tell them they will have to take 6
hours of tests. We are going to pay the price to stay on schedule.
Already we are getting resistance from the recruiter force but CAT-
ASVAB will be operationalized.

What I would like to do now is to switch to a discussion of our
effort to test for the AIDS virus, Most of us believed up until a
few months ago that this was a disease that affected homosexual
men, intravenous drug users, and, tragically, hemophiliac patients
but d4id not have much impact on the population in general. But I
can tell you now that an estimated 1.2 million Americans are
currently carrying the antibody. Occurrence of the disease is
estimated to be doubling every year. Young people at enlistment
age will be the most affected. In the past members of the Armed
Forces have been six times as likely as the general population to
contract venereal disease. If this trend holds for AIDS we as
researchers and leaders must be very concerned about this disease
and its potential for disruption of the Armed Services,

As most of you know the Department of Defense made a decision on 30
August to test all new applicants for the HTLV-III antibody. A
positive test result indicates that the individual has come in
contact with the AIDS virus some time in the past. It does not
indicate that the individual has the virus now nor does it mean
that the individual has the disease now. However, recent tests
show that a very high percentage of people testing positive for the
antibody do carry the virus at that time.

The testing program has already begun. It started on 10 October in
the training centers and on 15 October in the MEPS. Based on this
test we will deny enlistment to applicants who test positive to the
antibody.
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In implementing this program I wanted to maintain the current
processing flow because it is critical to manning the force. We
wanted to minimize the impact on shipping. Actually, as
mentioned, we don't have many straight shippers. Almost everybody
we enlist goes into the Delayed Entry Program or back to Reserve or
National Guard units. Only about 5% are straight shippers. They
can't ship any longer. They must wait at least one day for the
test results to come back. We wanted to be very accurate in the
preparation of our specimens with all the traffic involved. We had
some difficulty in testing initially but hopefully that has been
corrected.

Applicants to the Delayed Entry Program are currently being tested
at the training centers in order to allow the MEPS to continue
their normal processing flow. However, by 1 October the MEPS will
take over the responsibility for all AIDS testing except for active
duty personnel. As you may know the plan is to begin testing the
active duty force in the future.

Finally we wanted to be very careful in notifying the applicants
that they were carrying the antibody. We decided to return them to
the MEPS and tell them face to face as opposed to sending them a
registered letter which we studied as an alternative.

To develop our plan we worked with a number of the MEPS commanders
with advice from the service recruiting commands. We could have
gone with a decentralized system very easily but the cost would
have run to $16 or $18 per test. This high cost and the concern
cver quality control forced us to a national contract. One lab
which would pick up nationwide and overseas and do the lab tests in
one location. This would allow Walter Reed and other institutions
to perform very specific quality control procedures.

We then had all of our medical Noncomissioned Officers in Charge
{NCOICs) come into Chicago so we could train them very carefully.
We also brought in all our medical officers - each of the 70 MEPS
has one full time chief medical officer. Some of the larger ones
have two. These are augmented with 400 fee based physicians. The
average age of medical officers is 60. We had four over the age of
80. Just getting them to Chicago was an effort. But they really
were enthusiastic about the program. The medical officers and the
MEPS commanders have given the program their full support.

USMEPCOM began testing 15 October; the Navy, Air Force and Marine
training centers started 1 October; and the Army training centers
started 10 October. We had already completed over 17,000 tests by
last Friday and we are moving forward.

How many positives are out there? It is emerging data; I don't
know yet. I know the studies we did at Fort Benning showed 8
positives per 1000 for 1,400 tested. We don't know what the
numbers are going to be in this program but we hope it is going to
be less than 8 per 1,000,
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The contract went to Damon Corporation Medical Labs in Needham, MD,
The cost was $4.41 per test as opposed to the average of $16 to $18
for decentralized testing. All tests will go to Dallas by
overnight express and the results electronically relayed to us each
day before two o'clock. We test by doing the ELISA Screening Test
twice. If the specimen is tested positive twice it is sent to
Chicago for the more specific Western Blot Confirmatory Test. And
if tnis test proves positive only then do we call the individual in
to inform him or her of the results.

With the ELISA Screening Test we get the negatives back in one day.
So if we pick up by noon, by noon the following day the results are
back. This allows us to ship all our applicants except those who
were ELISA positive. It takes three days to get the results of the
Western Blot Confirmatory Tests back to the MEPS.

Issues of confidentiality are obviously a great concern for us., At
the time the individual comes in for the physical exam we tell them
that they are going to be tested for the HTLV-III antibody. They
sign an acknowledgement form which amounts to an informed consent
s0 it is not a complete surprise if they are called back with a
positive result.

The release of the information will be a problem. We are handling
it througn the Office of the Secretary of Defense General Counsel.
All requests are being sent there for disposition. Specific
requests may go through Central Disease Control in Atlanta. We
don't know at this time., We won't be indiscriminately releasing
any information concerning individuals.

VL T oW oy’

The notification process entails sending a letter to the individual
to return to the MEPS about a medical problem. The recruiter who
made the initial contact with the individual and his or her family
will go to the home and pick up the applicant and return with the
applicant to the MEPS., The individual will be informed of the
positive results by the chief medical officer with the commander
present. After notification a second blood sample will be drawn.
We are doing that to be 100% positive. The individual will then be
returned home by the recruiter. we will inform the individual of
the results of the second test by registered mail, return receipt
requested, or by telephone; probably both. If the second test
comes back negative - we don't expect to have any of these - we
have to research every aspect of the case to find out why.

A second letter is actually handed to the individual after the
interview telling him or her that they have the antibody, but it
doesn't mean they have AIDS; that they may or may not contract the
disease; and that they should see their private physician to seek
further advice about their health,

We also have a fact sheet developed at our request by the doctors
at walter Reed. The fact sheet is very good and is used by own
people to overcome the concern they have about the disease. Put
yourself in the place of the recruiter who has to pick up an
applicant and then come maybe three hundred miles in six hours to
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! the MEPS and then return home with the individual. This is a very
difficult task. The fact sheet helps calm the fears of all
involved.

We have also developed a workshop program tc give the recruiter
training in how to handle these applicants. In developing this
training we used social workers, psychiatrists, and suicide
counselors. They came up with some do's and don'ts to reinforce
and give confidence to the recruiters before they have to deal with
this situation. We have included in this training a list of
questions and answers which address possible problems the recruiter
could encounter while bringing in an applicant,

TR B &

We have about 7,000 recruiters and all of them will be faced with

¢ transporting a ELISA positive applicant at one time or another. Wwe
are taking this workshop to the recruiting schools where it will
become part of their training.

This is the end of my prepared remarks. Thank you for your time
and attention.
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Rule Spaces A Nodel for Identifying
Erroneous Rules of Operation

Maurice Tatsuoka
University of Illinois at Urbana-Champaign

Introduction, It is well known that a student's total score on a test does
not tell the whole story--in fact it often tells very little--about the
student's achievement level and even less about the kinds of incorrect notions
he or she has about the subject matter being tested. To get something close
to the whole picture, we need to examine the student's response pattern, which
is a vector of 1's and 0's, representing right and wrong, respectively, on the
successive items, like [(1,0,0,1,1,1,1,0,..,,0,1,1],

However, since the vector will have as many elements as there are ltems
on the test, 1t is clear that we'd be hard put to make much sense out of it
unless the test is quite short. What is needed, therefore, is some way to
summarize the information contained in a response-pattern vector by means of
some kind of numerical index,

Suppose that an achievement test has been given to a sizable group of
students, and the facility level of each item (i.e., the percentage of the
group that got each item right) has been determined. Suppose, further, that
the items have been rearranged from the easiest to the hardest in recording
the 1's and 0's (for right and wrong) in the successive response-pattern
vectorss What sort of vectors would we expect to find predominantly in the
set of vectors for the whole group? From the way the items have been
arranged, we should find most vectors to have more 1l's toward the left and
more O's toward the right-hand part--representing a pattern of responses in
which more of the easier items were passed and more of the harder ones were
failed, The "ideal" pattern would be one in which all the 1's precede all the
0's, Such a vector may be called a "Guttman vector," in analogy with what are
called Guttman scales in attitude scaling, Of course, Guttman vectors would
be found rarely if at all in any set of real response-pattern vectors. Most
of the vectors would show some 0's interspersed among the predominant 1's in
the left part and some 1's among the 0's in the right-hand part.

In several vectors, we may find a rather random assortment of 1's and
0's throughout; in a few, we may even find a predominance of 0's occupying the
left part (corresponding to the easier items) and more 1's in the right-hand
(1.ess the harder-items) part. Both these types of response vectors would
have to be regarded as anomalous or "aberrant," because the first type shows
just about the same proportions of the easier and the harder items being
passed, while in the second type more of the harder items are passed than the
easier items, Thus an index that shows the extent to which a given response
vector approaches a Gutiman vector or the opposite extreme in which all the
0's precede all the 1's (a "reverse Guttman vector") could serve as a measure
of the "typicality" or "atypicality" of that vector. Such an index was, in
fact, developed at an early phase of our project, and it was called the "Norm
Conformity Index" (NCI), However, this index has the defect that it defines
"typicality" with reference to an "ideal" standard or norm that is virtually
unrealized in practice,
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Extended Caution Indices. The above circumstance led us (mainly Kikumi
ﬂ Tatsuoka) to seek a measure of typicality/atypicality that is based on a
probabilistic model, namely Item Response Theory (IRT). In highly simplified
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terms, what our model does is first ustIRT with the one- or two-parameter
logistic function to estimate the student parameter @ and the item parameter a
(or parameters a and b) for each stuient and item in a data matrix, Then, for
each student, the IRT-based probability for passing each item is computed, and
a matrix (Pij(ﬁi)) is constructed., This could be called an IRT-based theoreti-
cal data matrix, with the 0-1 entries replaced by Plj(ﬁi)'s. Finally, an index
analogous to the NCI is computed for each student, representing the extent to
which his/har observed response vector deviates from the corresponding vector
of rrobabilities based on IRT, relative to the extent to which the group's
average response vector deviates from that IRT-probability vector.

Actually, several such indices, called "Extended Caution Indices" (ECI)
can be defined, depending on just what IRT-based quantities are used to replace
the 1's and 0's of the Guttman vectors and their means over students, Five
such ECI's were defined and discussed by K. Tatsuoka and Linn (1983).

It turned out that the one that was called ECIL, when standardized, served
the best as an index for detecting anomalous response patterns in a group.

(The standardization is for the purpose of making the values comparable over
different 0's.) This wae denoted by & and has been used exclusively in all our
subsequent work. It also has the convenient property that, prior to belng
standardized, it is interpretable as a linear mapping function:
£G) = (3(6) - )" (2(8) - 2(8))
= £ (Pj(G) - Xj)(Pj(O) - 1(0))
= =T2(e) = 1(6))"x+ (B(0) - 1(0))"B(0)

which associates with each response pattern x a real number f(ﬁ). Here
1(6)' = [1(8), T(0), vuuy T(0)1'
is a vector whose n elements are all equal to
7(0) = (/n)EsiaP;(e) ,
which is the mean, over items, of the IRT-tased response probabilities for a
fixed go

The expected value and variance of f(x) for fixed 6, denoted fg(x), was
shown by K, Tatsuoka (1985) to be ~ ~

B(o(x)10) = 0

Var(fo(x)10) = T3m1P;(0)a;(e)lP (6) - 1(6)]?

and

respectively,

Rule Space, With the standardized mapping function
B : : S ayl/2
5 = fo(x)/Tvar(g(x)le)]

defined above, we can now map each student's response pattern x into a point
(8,%) in a two-dimensional space with abscissa @ and ordinate 5. It was
shown that the maximum likelihood estimate of @, MLE @, and S are uncorrelated.
This space is called "Rule Space," because--if a student consistently uses
some specific rule of operation (or algorithm) in solving all the items on a
test--each rule R will yieli a cnique response pattern xp (or just R for short),
Thus the correct rule will yield the response pattern [1,1,1,...,1], and each
incorrect rule will yield some specific permutation of 1's and 0's (including
all 0's, of course).

Consequently, the rules that yield vesponse patterns leading to the same
MLE © w%ll all be mapped into points that lie on a straight line perpendicular
to the © axis., (Such resporse patterns will have the same number, Zx;, of 1's
in the case of the one-parameter logistic model, and the value of the sufficient
statistic, Eanj, will be equal in the case of the two-parameter model.)
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Thus, what% does is to pull apart students who have the same total score (or
the same sufficient statistic for 6) on a test, Students whose response
ratterns are typical of their group (and hence whose S values are small) will
be represented by points close to the 9 axis, while those whose response
ratterns ave unusua] for the group (large 5 values) will be mapped into points
that are above the O axis--the more unusual their pattern, the farther up
their points will be,

But now comes the rub, The neat mapping indicated above was predicated
on the assumption that each student uses some specific rule consistently
throughout the test. But of course this will not be true in practice, There
are bound to be some random departures from the use of a constant rule in a
few of the items, Then the student's response pattern will not be mapped into
a point that corresponds to consistent use of a single rule, Rather, the pdnt
will fall in the vicinity of the point for the rule that has been used for
solving most of the items, These may be called "perturbations” from the "pure"
rule point, Or, if we want to be more specific about the extent of perturba-
tion--1,e., the number of items on which there was a departure from the modal
rule--we may call the points "one-slip points," "two-slip points," and so on.
Tatsuoka and Tatsuoka (submitted to Psychometrika) have shown that the proba-
bility of there being no more than some number s (<n) of slips in a test with
n items is given by a compouni binomial distribution, Hence, asymptotically,
the perturbed points will be distributed normally around the pure rule point
from which they are perturbations, Moreover, under reasonable assumptions,
the variance of tpis distribution will--at least for rule points that are not
too far from the @ axis--be equal tc the v%riance that was previously displayed
for £g(x), namely, zj'__‘.lqujtpj(e) - 7(6)]°. This, along with the facts that

6 is normally distributed with mean @ and variance 1/I(6) and that$ and'3 are
uncorrelated, allows us to conclude that the perturbed points will follow a
bivariate normal distribution with a known centroid and a known, diagonal
covariance matrix. Consequently, the points corresponding to response patterns
with no mecre than a certain number of slips will lie inside ellipses whose
minor and major axes are parallel to the reference axes of rule space, These
ellipses will constitute various iso-density ellipses of the bivariate normal
distributions around the pure rule point., The upshot is that, if all the rule
points and the observed response points that are perturbations from them were
to be plotted in rule space, the result would be something like this: There
would be several swarms of points, each of which would be most densely concen-
trated around one of the pure rule points, and would become sparser and sparser
as we go farther from the center (i.e., the rule point) in any direction.

We can now explicate just what is meant by the title of this paper,

"a model for identifying erroneous rules of operation," as follows: It is a
technique whereby, given a student's point (91’ 51) in rule space, we are
enabled to decide to which one of the ellipses this point most likely belongs.
This is because we have, through this model, translated our original problem
into a typical problem of statistical decision theory: the problem of classify-
ing a given point into one of several bivariate normal populations--or, more
generally (as we shall soon see) into one of several 2m-variate normal
populations,

One of the ways for solving such a problem is to invoke the "minimum-D2
rule," where D® is the (squared) Mahalanobis generalized distance, Without
loss of generality, we may assume that we have eliminated all but two rule
points R; and R, as candilates for the rule point from which the given student's
resporse point is a perturbation., If we denote the common covariance matrix of
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the two bivariate normal distributions with Ry and Ry as their centers
by Z, then the D2 of the given response point from the centroid Ry of the
Pule k ellipse ii e

D5k = [(Og Sx) = BJE L6y Sy) - By (k = 1,2)
Upon cdﬁputinr the two D%s, we would classify x as a perturbation from Ry if
D%q < D?xz and otherwise as a perturbation from Rp.

Once we have decided what varticular rule it is that the student's
vesponse pattern is most likely to be a perturbation from (i.e., what rule
he/she most likely used almost consistently except for a few "slips"), itisa
short step to diagnosing the particular misconception that was most 1likely
held by the student for him/her to have adopted that rule in the first place.
This is because the rules were originally inferred from a careful error
analysis of actual test papers by experlenced subject-matter specialists of
the material covered by the test.

Application to a Test on Subtraction of Sigmed Numbers. Suppose that a test

consisting of the ten items listed in the first column of Table 1 (without the
answers, of course) was given to a group of seventh-graders, and that four of
the students each used one of the four erroneous rules described at the bottom
of the table, The four pairs of columns—each palr headed by a rule number—
show the answers obtained by using the four rules, respectively, and the
binary score (1 or 0) for each item,

Table 1. The Binary Response Vectors for a Set of Ten Items Responded to by
Four Incorrect Rules,

Rule 1 Rule 2 Rule 3 Rule 4 .
Itens Response ‘3' Response x4 Response x4 Response x4
3 = (~7) = 44 ) 0 +4 1 +4 1 +4 1
-2 -8 =w~10 +6 0 +6 0 +6 0 -10 1
5 = (~12) = 417 -7 0 +7 0 +17 1 -7 0
=11 = 48 = =19 -3 0 +3 0 -19 1 -19 1
9 -4 =45 +5 1 +5 1 +5 1 +5 1
«15 = (~9) = -6 -6 1 +6 0 -6 1 -6 1
“1J-5=-~18 -8 0 43 0 -8 0 ~18 1
8« (=6) = +14 +2 0 +2 0 +14 1 +2 0
=5 = 411 w =16 +6 0 +6 0 ~16 1 -16 1
1-10=-9 +9 0 +9 0 -9 1 -9 1
Rule 18 The student subtracts the Rule 3¢ The student converts =2 ~ 8

smaller absolute values from the larger
absolutae value and tekes the siga of the
nunber with the layxger abtsolute value
in his/her answer,

Rule 2: The two numbers are always
subtracted as seen in Rule 1 but the
+ sign is always taken in the answers

* x, is the gcore for the jth item
in éhe binary response vector X.

and -13 = 5 4nto -2 + 8 and =13 + 5,
respectively, but the other eight items
{tems are converted to addition
correctly. Then the right addition
rule 1s used to answer them,

Rule 4¢  The student has a stranga
idea about the parentheses. Converts
operation sign, -, to +, first. Then
he/she follows the rule: 41f the signs
of tha two numbers are minus, then
change the sign of the second number to
a +; 1f the signs of tho two numbers
are not alike, then the sign of the
second number becomes a minus.
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We see from Table 1 that Rules 1 and 2 both yield correct answers in two
of the ten problems, but not the same two, Similarly, if a studentconsistently
uses either Rule 3 or 4, he/she would get elght problems right (again, not the
same eight). Thus, consistent use of either of the first two rules or either
of the second two would-—assuming the discrimination parameters a; to be equal
for all of theltems—respectively yield the same estimated O values. However,
examining the descriptions of the four rules at the bottom of the table, we
see Rule 2 represents greater ignorance than Rule 1, and Rule 3 might be the
result of careless slips while Rule L is quite a "weird" one, Therefore,
consistent users of Rule 1 and those of Rule 2 should not be treated alike,
This is probably true for the sheer purpose of guaging their achievement in
signed-number subtraction, and is certainly true for the purpose of diagnosing
thelir misconceptions and giving them remedial instruction; similar remarks
hold for users of Rules 3 and 4, This is where the ECI S comes into play.
Students who get the same @ by virtue of consistently using Rule 1 and Rule 2,
respectively, would be pulled apart by thelr different values--those using
Rule 2 being plotted higher up in rule space (assuming the group to which they
belong is reasonably competent), Likewise, those using Rule 4 would come
higher up than Rule-3 users, because Rule ¥ is a much more unusual rule,
Readers who are interested in further detalls on how$ works are referred to
K. Tatsuoka (1983, 1985),

Sometimes, even the two-dimensional rule space will not suffica to pull
the different yule points apart enough, In fact, tests of signed-number sub-
traction are a case in point. In such cases 1t may be possible to achieve
better resolution, as it were, by introducing subscores for each item; e.g.,

a subscore for the absolute value of the answer being right or wrong, and
another subscore for the sign of the answer, Then there will be one 0 for
each "component” and likewise one 6 for each, thus generating a rule space of
four dimensions, or more generally 2m dimensions, when there are m components,

Application to Adaptive Testing, The ideas of rule space can also be used in
speeding up the "convergence" in computerized adaptive tests--i,e,, for getting
a stable estimate of a student's 6 value by administering, on the average, a
much smaller number of items than in the traditional approach in which only
the information value I(8) is considered in choosing the next item, (See Lord,
1980,) 1In highly simplified terms, the idea is to have at hand--i,e,, stored
in the computer--a curve of P:(6) - T(8) plotted against T(@) for each item
in the pool. These curves w11l be called "Item Disparity Curves" (IDC) for
subsequent reference., Then, in selecting the next item to be given to a
student, we take into consideration-~in addition to the I(O)--the IDC of each
item remaining in the pool, and choose an item whose IDC is as far remgyed as
possible from the IDC of the item just taken, at the current estimate O(k) of
the student's 8 value,

Space does not permit indicating the proof that the method outlined above
will indeed speed up the convergence to the "correct' © value, but it is
soundly based in functional analysis--which is a branch of mathematics that
has many important applicatlons in statistics and psychometrics but which, to
quote Ramsay (1980), "...we in North America are handicapped by the fact that
a course in [it] is seldom a part of the preparation of an applied statistician"
(1982, pe 394), A proof has been made by K. Tatsuoka, and it will soon be
available in a CERL Research Report of the ONR-sponsored Computerized
Adaptive Testing and Measurement (CATM) Project.
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Appendix

Proof that f(x) Increases with Unusualness of Response Pattern x. It was
stated without proof, on the third page of this paper, that the standardized
version, 5 , of f(z) becomes larger as the response pattern x becomes more
"unusual" for the group of which the responder is a member. We now prove this,
Expanding the second expression for f(x) given on page two, we get

£#(x) = Tz1P(0)(P5(0) - T@)] ~ ETymxjlps(e) - 7(6)].

We may assume, without loss of generality, that the items have been numbered
in ascending oxder of difficulty so that, for each 6, we have

P1(0) > Py(8) > .o Py(0)

(The order may differ for different values of ©,) Then, since T(8) is the
mean of the n Pj(G) values, there must be some k such that

Pj(o) - T(8) >0 for all j <k
and pj(e) - T(8) <0 for all j > k.
This, together with the fact that the first sum in the above expression for

f(g) is a constant for any fixed O, implies that for any response pattern that
has a small number of X3 = 1 for j < k (1.,e., the easier items) and a large
number of x5 =1 for j > k (the harder items), the quantity f(x) will have a
larger numerical value than for a response pattern for which the opposite is
true, But the first-mentioned type of response pattern (with a small number
of corrects among the easier items and a large number among the harder items)
is clearly an "unusual" or atypical one. This shows that, for a fixed @ , the
larger f(z) is, the more unusual is the response pattern x--for the group in
which the items were calibrated, The standardization to get§ makes this
property hold across different values of 0,
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Implementation of a Computer System to Support
Diagnostic Testing

C. David Vale
Assessment Systems Corporation
St. Paul, Minnesota

The MicroCATY™ Testing System, developed by Assessment Systems Corporation,
is a complete system of computer programs to support computcrized adaptive testing
(CAT). MicroCAT runs on an IBM Pecrsonal Computer and includes facilities for
performing all of the functions necessary to implement adaptive tests. These functions
include authoring test items, calibrating items according to item response theory (IRT)
medels, authoring tests using any of a variety of CAT strategics, and administering
tests. The details of the MicroCAT system have been described elsewhere (Assessment
Systems Corporation, 1984; Val~, in prcparation, a, b) and will not be detailed here.

MicroCAT scrved as the basis for the testing system implemented in the Basic
Electricity and Electronics (BE&E) School of the Naval Training Center (NTC) in San
Dicgo. The purposc of this implementation was twofold: to provide a delivery system
for the diagnostic testing techniques developed by the University of Illinois, and to
provide an environment in which to evaluate the MicroCAT system, which was not
then in commercial release,

There were two gencral requirements that the system for NTC had to meet.
First, it had to administer the current NTC tests in a form that was comparable to
their original mode of administration. (This vas to allow the collection of data on the
current forms in an operational testing environment.) Second, the system had to be
capable of administering tests according to the prescribed diagnostic strategies.

In the standard modec of administration at NTC, a studcnt is assigned a
microfiche card which contains a test. He or she then reports to a carrel with a
microfiche reader and responds to the test questions on an optically scannable answer
sheet, After completing the test, the student puts the answer sheet into an optical
scaaner that is connected to a computer terminal which, in turn, is connected to a
mainframe computer in Memphis, Tennessce. A computer-managed instruction
program running on that computer scores the results, updates the student’s records in
the database, and reports the score to the student. It also tells the student which test
to take next.

Our goal in designing the MicroCAT interface to this mode of testing was to be
able to install the computerized testing system in such a manner that it would be
perccived by examinces as comparable to the microfiche version of the test. Its
operation also had to be completely transparent to MIISA, the computer-managed
instruction program, so that the results of the computerized tests could be used
operationally in the computcrized instructional management system. MIISA is a very
complex program that manages all of the instructional assignments and record keeping
at NTC. It was written several years ago, runs on a mainframe computer, and is very
resistant to change of any kind. Any approach to implementation that required
reprogramming of MIISA was not viable.
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Although the MicroCAT system was originally designed for stand-alone testing, a
general networking capability was addcd to aliow a proctor to assign and monitor tests
at scveral stations from a single proctor's station. This standard MicroCAT
nctworking system was still unable to communicate with MIISA, but the proctoring
station provided a good starting point for the conncction. To achieve the transparency
desired, the proctoring program was adapted so that it could interact with MIISA as
well as with a proctor. It was changed to make the proctoring terminal emulate one of
the terminals that normally communicated with the MIISA mainframe. To accomplish
this, we made the proctoring station's scrial port look like a GE Terminet printing
terminal connected to an optical scanner. As far as MIISA was concerned, it was
communicating with an optical scanner connccted to a terminal. When an examinee
reported to the testing room, the proctor assigned him or her to a testing station,
where the examinee entered his or her social security number. The testing station
communicated this to the proctoring station, which quericd MIISA for the appropriate
test to administer and assigned it to the ¢xaminee's station. After the examinee
completed the test, the proctoring station passed the responses to MIISA, obtained the
scores, and printed them out for the cxamince on the system printer. From MIISA’s
perspective, the computcrized system was capable of performing all of the functions
usually done¢ on paper.

Figurc 1 diagrams the testing system as impiemented at NTC. It contained
cightecn terminals. Fifteen of these were testing stations, two were network servers
(which contained all of the tests and response data), and one was a proctoring station.
Onc network scrver would have been sufficient; the second one was for backup in casc
the first onc failed. Onc of the testing stations also had the hardware necessary to
convert it to a proctoring station if the first onc failed.

There was a fear among the Navy Chiefs in charge of testing that it might be
difficult to convince the examinces that the computerized mode was equivalent to the
paper-and-pencil mode. Their concern was that if tests were administered in two
forms, superstitions would develop among the students regarding which mode was
casier. Obviously, this problem would be exacerbated if there was any substance to
the claim.

Specifically, three factors were initially assumed to be rclated to the examinees’
acceptance of the computerized modc as an cquivalent mode of testing: (1) the system
had to respond quickly with the next item after the cxaminee answered the previous
one, (2) it could not losc an cxamince's work if any portion of the system failed, and
(3) it had to support standard test-taking strategics such as skipping difficult jtems
and coming back to them later.

MicroCAT was fast cnough to satisfy the first requirement, but originally it did
not support the other two features. Therefore, a recovery feature was added to save
the examinee’s responses on a diskette as soon as they were made. If 2 i..ting station
failed, the cxamince could simply remove the diskette in his or her station, put it in
another station, cnter his or her social sccurity number, and continue the test with no
loss of data.

The ability to skip itcms and later rcturn to them was also added to the

MicroCAT system. At the end of the test, the cxamince is asked if he or she would
like to review all of the items, some specific ones, or just those he or she skipped. A
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Figure 1. Structurc of the NTC Implementation

review is granted as desired, and the specified items are re-presented to the examinee
with his or her previous response shown. The cxaminee can then change the response
or leave it as it was.

After these features were added to the MicroCAT system, it was installed for a
small-scale evaluation. In genecral, the initial system ran without any serious errors.
Several small problems did require attention, however. First, as the system was
originally set up, it was possible for students to take two tests simultaneously, Since
they reccived no feedback regarding the correctness of responses, there was really no
advantage to be gaincd by doing this. Nevertheless, the problem was corrected by
modifying the proctoring program to keep track of who was on the system and to
allow ¢xaminecs to take only one test at a time. The sccond potential problem was
that hitting some combinations of keys could abort the testing system. This was solved
by disabling all of these combinations except one that required the examinee to
simultaneously push three keys. It is highly unlikely that anyone would accidentally
hit all three keys at once; anyone who did hit them would probably be deliberately
trying to abort the system. It was not possible or worthwhile to subvert such an
attempt, because a determined examince could always reset the station simply by
unplugging it.
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The system was implemented operationally in August of 1984. The test items
presented were similar in format to the one shown in Figure 2 (which is not an active
test itcm). Most examinees had no trouble with the new system. The major surprise
on the first day of testing was that, on the avcrage, cxaminees took ten minutes to
respond to an item. This did not begin to tax the capacity of the network, which was
designed to handle a response from cach examince every ten seconds.
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Figurc 2. Samplc Electronics Item

Since the data collected by computer administration were to be analyzed by the
University of Illinois, a data transfcr scheme was nceded. The MIISA link is a real-
time link in that testing waits for communication, Transferring the data to the
University of Illinois, on the other hand, had to be done only when the data were
nceded or when the disks on the NTC nctwork were full. A system was developed
whereby the test proctor periodically dumped the data from the system disks to two
scts of diskettes, onc for the University of Illinois and one for backup. After
dumping the data, the proctor’s instructions were to mail one set to the University of
Iilinois and to keep the backup sct until reccipt was confirmed. The data on the
system disk were crased after the diskettes were made. Except for the difficulty of

getting the proctor to make the data diskettes on a rcgular basis, this scheme worked
well,
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Testing has not been interrupted because of any system problems. It was
interrupted for several wecks, however, by the implementation of new versions of the
tests. The frequent changes in tests, which had not been anticipated when the system
was installed, rcquired frcquent communication with the University of Illinois. It had
been intended that the University of Illinois would do the test development and then
cither manually install the tests in the San Dicgo system or mail complete test files
with installation programs to be run by the proctor. However, as the test changes
became more frequent, it became apparcnt that it would be more ¢fficient for NTC
personncl to make the changes themselves and install the tests,

Test development in the MicroCAT system is a three-stage process. First, the
itcms are authorcd using the system's Graphics Item Banker. Then the test is specified
using an authoring language. Finally, the authoring language is compiled, a2 process
that reformats che items and processcs the instructions in a manner that allows items
to be presented rapidly. Implementing a test in the NTC system required the further
step of copying the compiled test onto the appropriate disk volume.

NTC test administration personncl mastered the process with relative ease.
However, several problems arose that had bothered us in the early part of this effort
but which we had forgotten until the NTC personncl began to use the system. One
such problem was that if diskcttes were swapped while the item banker was running, a
bank would be destroyed. We originally circumvented this problem by not swapping
diskcttes, but this solution was obviously not optimal. We thercfore wrote a utility
program that could rccover a bank destroyed in this manner. The other problem that
we re-discovered was that, using the Ethernet nctwork from 3Com, two people sharing
a disk volume can, under certain circumstances, destroy each other’s work., For
cexample, NTC personnel recently destroyed an item bank by writing portions of a
memo over it, Fortunately, the new program was able to restore most of what was lost,

In general, the implementation at NTC has been successful. The MicroCAT
system has flawlessly performed most of the tasks rcquired of it. More than 2,400
items have been banked for this application, approximatcly 50 different tests have
been implemented, and over 1,500 tests have been administered. Informal evidence
from the BE&E School suggests that the system is fast cnough for administering all of
the tests and that the tests are perceived as psychologically parallel to the microfiche
form (although we have heard that the computcer display is easier to read than the
microfiche). The system has not yct been used for diagnostic testing, but custom
intcrfaces (portions of the program that allow programmers to augment the MicroCAT
system) have been provided to allow diagnostic testing routines to be implemented
within the MicroCAT system.

The MicroCAT Testing System is now a commercial product and the contract
that supported its development and implementation at NTC is near an end. Its use at
NTC will continuc and the University of Illinois will implement the diagnostic
strategics in the ncar future. It has been a successful implementation that has
demonstrated the relative case with which the transition can be made from paper-and-
pencil testing methods to computerized testing, even when the new system must be
integrated into a complex instructional management system that is already in place.
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APPLICATION OF RULE SPACE IN A NAVY TESTING ENVIRONMENT

by Jonn M. Eddins
University of Illinois at Urbana-Champaign

Introduction

The MicroCAT testing system was installed in the BE&E School at
the San Diego Naval Training Center in order to extend to an actual
training environment the theoretical work in diagnostic ..daptive testing
described by Dr. Tatsuoka, and reported in detail in Tatsuoka (1985,
in press), Tatsucka & Tatsuoka (1985) and Tatsuoka, Tatsuoka & Baillie
(1985). I will present first a summary of our overall nlans for the
project, next our progress to date, including some of the problems
we have encountered, and finally what we see as the next steps.

Summary of Project Plans

The principal goal of the projcct is to develop one or more diagnostic
adaptive tests for the BE&E curriculum using the rule space model, and to
evaluate the effectiveness of these tests with data collected from pilot
groups of Navy trainees. The overall plan can he outlined in five phases.

l. Collect and analyze data from current Navy tests.
2. Link rule space procedures to the MicroCAT system.
3. Add experimental items to current tests.

4, Create experimental tests.

5. Give experimental tests to pilot greups.

6. Report the results.

Substantial progress has been made on the first two phases, and we
are currently working on the third.

Progress to Date

1. Data collection and analysis

The MicroCAT system was installed and tested during the summer of
1984, but ongoing revisions of the instructional materials and tests
delayed full implementation until spring, 1985.

BE&E trainees at the San Diego base began testing with the system
in late March, 1985, and data was collected for Modules 1, 2, 4, 5,

6 and 7 during April through August, 1985. As it turned out, one more
revision of the tests was necessacy. The revised tests are now on line
and the computer testing lab is back in operation.

As each BE&E tralnee takes a test, the MicroCAT system stores a record
which includes, for each item, the item number, answer key, student’s
response, and time to respond. These data are added to a file which
eventually is read to a diskette and mailed to us at the University of
Illinois. Our plan is to gather enough data to analyze the items
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statistically and estimate item parameters, on the assumption that some
existing items can serve as a starting point for developing items
applicable to rule space. This requires a minimum of 200 to 300
subjects, with a significant percentage giving wrong answers. Between
April and August we collected data for about 1500 subjects; however,
these were divided among five versions each of six tests, leaving only
around fifty for each test version. The different test versions for

Mod 4 preved to be identical except for the ordering of the answer foils,
so we re-ordered the data appropriately and merged it into a composite set,
giving us 235 subjects. An analysis of variance across the different
forms confirmed their equivalence.

A summary of responses for the items in this dataset is shown in
Table 1. A high percentage of the responses on most items are correct,
and several items show essentially no discrimination. These data are
based on the first pass through the test, and they include partial tests
taken for remadiation, hence the substantial number of skipned items.

Table 1.

BESE Test, Mod. & -- Summarv of Responses.

All test foras equivalent to form 1.

Iten# Xev Rspl Rsp2 Rsp3  Rspé Skip
1 1 196 8 1 1 29
2 4 9 25 0 165 36
3 3 2 40 125 24 44
4 1 169 7 19 6 34
5 1 207 0 1 0 27
6 3 1 12 189 0 3
7 3 0 0 202 1 32
] 1 196 2 2 0 35
9 4 1 0 2 199 33

10 3 9 2 188 0 36
11 1 204 0 9 n 22
12 2 16 178 6 ! 34
13 3 19 41 109 27 39
14 3 0 0 212 1 22
15 1 152 24 11 20 28
16 4 36 14 0 154 3
17 4 10 18 45 101 61
18 4 2 13 2 168 50
19 3 0 6 139 8 82
20 3 3 14 168 2 48
21 b 8 1 177 0 49
22 2 2 197 1 0 35
23 3 2 2 187 1 43
24 2 17 120 0 12 86
25 4 19 5 i 166 44
26 2 4 197 15 * 19
27 ! 151 21 42 * 21
28 3 2 26 186 * 21
29 1 172 16 20 * 27
30 2 8 202 6 * 19
3 1 205 1 6 * 23
32 1 152 56 5 * 22
33 1 70 120 23 * 22
34 3 24 14 175 * 22
35 2 17 187 12 * 19

*0Only three chofces for these {tems.
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Qur attempts to estimate item parameters were frustrated at first
because of the limited number of both items and subjects, and because
of the large number of skipped ftems resulting from partial tests taken
as remedials. We eliminated the partfal tests, leaving 193 subjects,
selected 22 of the most promising items and succeeded in estimating the
A and B parameters for these items. We used a computer program created
by Yamamoto, Baillie and Tatsuoka which implements an EM algorithm
developed by Bock and Aitkin (1981). The EM method has the advantage
of being able to estimate item parameters with relatively few items.
Results are shown in Table 2.

Table 2.
AZSE Test, Yod. 4 -7 Item Parameters feor Selected Ttems.
A B

Itead  (discriminacion) (difficultyv)
10 .92832 -.49133
1 .80779 -.76712
12 48945 -.84937
13 80148 1.00827
15 .29399 - 72175
16 55109 09081
18 2.42278 65190
19 2.33766 .91749
20 2.35894 63324
21 3.77397 .64296
23 2.87624 39554
25 2.93106 .71003
26 72511 -.66316
27 .86399 +52368
28 1.07095 .07309
29 77854 . 10053
30 .38718 -2,75522
3t .98740 -.53114
32 . 38085 -.18672
13 1.16947 1.68272
34 .88895 .15271
35 62432 ~.52315

2. Linking of Rule Space Procedures with MicroCAT

To set up a test to be administered on the MicroCAT system, a bank of
test items is provided, together with a file which lists the items to be
administered and specifies the logical basis on which each successive item
is to be chosen., The choice can range from a simple top down sequence of
all items on the list to a decision computed by a program external to the
MicroCAT system and passed back to it. 1In our case, administering a
diagnostic adaptive test using rule space is in the latter category.

At the beginning of a test, item parameters stored in the item bank
are read into an array in memory (Figure 1). As each test {item is
administered the student’s response is stored, and program control {is
passed to the rule space programs along with student response information.
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The student’s response is scored as right or wrong (1 or 0), the weighted
distances to all remaining items are calculated (Tatsuoka & Tatsuoka,
1985), and the next item is selected for optimal speed of convergence,

If sufficient convergence has been achieved, then the error probabilities
are estimated between the current point and the centroids of the ellipses
stored in the bug information bank. If the minimum value of these
probabilities satisfies a specified criterion, next item is set for stop;
if not, next item is not changed. Next item and program coatrol are then
returned to the MicroCAT test driver. The computer programs for the

rule space procedures were developed by Robert Baillie. Detaills of

the theoretical basis for these procedures will be described in a

future report.

MicroCAT Testing System

1tem num

test o TEST = item bank |—

specification DRIVER |, item info,

///f,//////;:i; next 1tem store response| y

or stop information

next item

K

CONTROL CONTROL
Sep——— e

Rule Space Procedures resp.
info.

calc weighted | scores [score &
distances to all store
converged remaining items |g-
enough for * item parameters
EP (error choose next i1tem
probability (- for optimal estimate EP's

estimates) ? convergence betwaen current
# N& | Y point and bugs

v

return
search for bug
next item minimum EP information

pe N T3 bank

store results, does minimum EP
next item=stop \’ satisfy criterion?

Figure 1. Linking of Rule Space procedures with MicroCAT.
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Future Plans

The principle hurdle remaining before we can actually create and
install experimental test items is a detailed analysis and verification
of specific learning tasks to be addressed, together with hypotheses
as to causes and results of various types of errors. Designing a
diagnostic test for use with the rule space procedures requires that
the test items be constructed with specific characteristics, and these
item characteristics must be analyzed and verified with extensive data
collection and computer analysis. Parallel versions of the items also
are needed.

At present we are examining in detail the concepts, operations and
errors represented by the Navy’s BE&E tests. Three items selected from
the Mod 4 test will illustrate something of the nature and complexity
of the task. In the first item (A), a simple series circuit containing
five resistors is shown and the student is asked the effect on voltage
drops at an open resistor -- increase (1), decrease (2) or no change (3).
The second item (B) shows the same circuit and answer choices, but asks
the effect on current at a shorted resistor. The third item (C) shows
a series circuit with values given for applied voltage and two of the
resistors, one of which is open. The student is asked what a voltmeter
across the open will indicate.

For item A, 56% of the students chose (2) -- decrease in voltage
drop at an open; for item B, 26% chose (2) -- decrease in current at
a short; for item C, 187% chose (1) -- zero volts read across an open.
Out of 52 students choosing (2) for item B, 34 also chose (2) for {tem A;
out of 36 choosing (1) for item C, 27 also chose (2) for item A; but out
of the total group only 5 chose all three. Apparently, items B(2) and
C(1) represent different errors, while item A(2) subsumes both errors.
This is also confirmed intuitively., Response (2) to item B probably
results from confusing shorts with opens (the result of a short often
is an open). Response (1) to item C probably represents confusion
about the nature of voltage drop (nothing "happens" across a break, so
voltage drop = 0). These are different misconceptions, yet response (2)
to item A can result from either one.

The task before us is to pursue this type of inquiry until we have
isolated and charted a sufficient number of such relationships among
items to enable us to describe several common errors and specify test
ftems accordingly. We also are investigating ways to utilize the
computer to speed up and simplify this otherwise tedious and complex task.
What we are looking at here is the relationship among just one foil for
each of three items. To systematically consider such relationships
among all foils for all items obviously is a task for a computer. The
critical human task is defining the relevant concepts and errors.

With a multiple choice test it is important that each foil be
designed to provide specific information, so that the choice of the
next item will be based on more than simply a right-wrong score. OQur
first experimental test items will likely be items taken from the current
tests with some changes in the folls or the circuit values. We have the
facility to insert these {tems into the existing tests without disturbing
the regular scoring. We could, for instance, insert five extra items
at the end of the Mod 4 tests which never would appear in the Navy’s
computer records but would provide us with response data.
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As a simple illustration, assume that an item such as A is found
to suggest four possible errors. We present this item first, followed
by several others which confirm some errors and eliminate others. This
can be diagrammed in a process network where each node represents a
decision branch. By tracking these decisions the computer can identify
the student’s errors, provided the student is entirely consistent and
is following a predicted route. Unfortunately, the realities of human
behavior do not conform to such a deterministic model. By using pattern
classification techniques, the rule space approach adds an element of

probability to the model, with the promise of much better rates of error
detection.
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An Overview of the Accelerated CAT-ASVAB Program
by
W. A. Sands
Computerized Testing Systems Department
Manpower and Personnel Laboratory

Navy Personnel Research and Development Center
San Diego, California 92152-6800

INTRODUCTION

Group—-Administered Aptitude Tests

Group—administered aptitude tests can be described as conventional,
paper~and-pencil tests and Computerized Adaptive Tests (CAT). As the names
indicate, these differ in administration mode. Less obviously, but perhaps
more impartantly, they also differ in the way in which items are selected for
administration. In the usual paper-and-pencil test, all examinees are
administered the same 1items in the same sequence. In contrast, a CAT
instrument is dynamically tailored to the measured ability Llevel of the
individual examinee, during the course of the test administration. This means
that, at leas* potentially, every individual receives a different test.

Typically, in a CAT administration, the first item selected for
administration is one of medium difficulty, since we know nothing about the
examinee's ability Llevel. If the examinee responds correctly, the ability
estimate is raised to above average, and a more difficult itam is selected for
administration. If the examinee answers this second item incorrectly, the
ability estimate is Llowered somewhat through the updating procedure. As a
result, an easier item is selected as the third question. This process of
selecting an item, scoring the examinee's response, updating the ability
estimate, and choosing the next item for administration continues until some
stopping rule is reached. This test termination criterion may be either the
administration of a prespecified number of items (fixed length testing), or the
administration of items until the ability estimate meets a prespecified Llevel
of precision (variable length testingl.

Armed Services Vocational Aptitude Battery [ASVAB

The ASVAB is a conventionally-administered, paper—-and-pencil aptitude test
battery used by all the U.S. military services for both enlistment eligibility
screening and for subsequent classification and placement inta entry-level
training. The paper-and-pencil version of the battery (P&P-ASVAB) includes
eight power tests and two speeded tests. Administration time for P&P-ASVAB
takes about three and one—half hours.

The P&P-ASVAL: is administered under two large-scale testing programs. The
Production Testing Program involves the administration of the battery in the 68
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Military Entrance Processing Stations (MEPS) and in about 900 Mobile Examining
Team (MET) sites located across the country. The Student Testing Program is
administered in about 14,000 high schools. These two testing programs are quite
large, each involving the administration of the battery to between 800,000 and
1,000,000 persons annually.

COMPUTERIZED ADAPTIVE TESTING VERSIOM OF ASVAB (CAT-ASVAB)
Objectives

The Computerized Adaptive Testing (CAT~ASVAB) Program has two broad
objectives. The first involves the development of a system that automates the
administration, test scoring, and computation of the Armed Forces Qualification
Test (AFQT) score and various other composite scores derived from ASVAB used by
the individual military services. Such a system must be capable of use in both
the fixed-base MEPS and in the portable testing environment of the MET sites,
while interfacing with the existing score reporting system. The second
objective of the CAT-ASVAB program is to evaluate the suitability of CAT-ASVAB
as replacement for the P&P-ASVAB in the Production Testing Program.

Approach

The original approach to the development of the CAT-ASVAB System was a
three-stage competitive "flyoff" between three contractors from private
industry. During the first stage, the three contractors developed system
design concepts and supporting analyses. In the second stage, Limited
production models were to be developed, field-tested, and evaluated. The final
stage would have involved one of the three original contractors going into
full-scale production, deployment, and implementation.

The approach has changed as a result of three factors. First, the
timelines submitted by the contractors for Stage 2 were considerably Longer
than we had planned. Secondly, some remarkable advances have been made in
microcomputer technology during the past few years. Finaitly, LTGEN E. A.
Chavarrie, Deputy Assistant Secretary for Military, Manpower and Personnel
Policy, in his keynote address at the last MTA convention in Munich, provided
strong encouragement for reducing the long timelines, commensurate with meeting
the performance objectives of the program. As a result of these influences, we
have adopted a markedly different approach. With a focus on early
implementation, we have initiated work on the Accelerated CAT-ASVAB Program
(ACAP] .

ACCELERATED CAT-ASVAB PROGRAM (ACAP)
Objective
The objective of ACAP is to field-test CAT-ASVAB as soon as possible. In
pursuit of this objective, we will procure of f~the~shelf,

commercially-available microcomputer equipment. Software will be designed and
developed in—-house at NPRDC,
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Evaluation Criteria

ACAP will be designed to meet the nine evaluation criteria originally
established for the full-scale version of CAT-ASVAB: (1) performance, (2)
suitability, (3] reliability, (4) maintainability, (5) ease of use, (6)
security, (7) affordability, (8) flexibility/expandability, and (9]
psychometric acceptability. Each of these nine major criteria includes
numerous subcriteria.

The performance criterion includes both general and specific requirements.
The system must automate the current P&P-ASVAB functions and anticipated
additional functions of CAT-ASVAB. System response time cannot exceed a
maximum of two seconds, and this response time must be independent of the
number of examinees taking the test [system load)l. The display must have a
resolution of 400x300 pixels, and the test must be displayed in 7x9 characters.
The system must support an interface with the existing MEPS Reporting System,
and the CAT-ASVAB Maintenarnce and Psychometric (CAMP) facility. The computer
software should employ a "top-down", structured design, use a high-level
tanguage, and be adequately documented.

Suitability requires the system to operate in a normal office environment
in terms of temperature and humidity. No significant modification to existing
facilities should be required (e.g., electrical power). There should be no
necessity for specially skilled operators and no significant staffing changes
should be required. Finally, the system must be portable to support testing in
the MET site environment.

Reliability is an important concern for the system. It is imperative that
the system be available and operate reliably for scheduled testing sessions.
The system must be capable of restarting from the point of failure and
recavering from failure without loss of data.

Maintainability 1is a major consideration for any Llarge scale computer
system. No skilled technicians are to be required. The hardware/software must
incorporate self-diagnostic capabilities which can be readily understood by
test administrators. An adequate integrated logistics support system must be
established and maintained for the life of the system.

The system must be easy to use, both for the test administrator and the
examinee. No computer experience or expertise should be required. Set-up
procedures should be clear, unambiguous, and adequately documented. The
display legibility and resolution should support both text and graphics
material. Introduction of experimental test items should be transparent to
both the examinee and the test administrator.

Security is an important system consideration. The item sequence should
be unpredictable. Measures must be taken to prevent printout or inspection of
the item files. Use of the system must be limited to authorized personnet. A
multi-level password access procedure should be implemented. System access
must produce an audit trail which can be inspected by system managers.
Finally, the sys.om should be designed to minimize equipment theft, by reducing
or eliminating pi.ferable components.
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The system must be affordable, i.e., the life-cycle cost of CAT-ASVAB must

‘Q be comparable to that of P&P-ASVAB, At present, an economic analysis of the
é& system is being conducted under contract.
thd
e Flexibility/expandability is an important dimension of the system. In
" addition to supporting the delivery of a CAT version of ASVAB, the system must
" allow for future, add-on peripheral devices. While present plans catl for the
E@ examinee to use a specially-designed keypad input device, the system must
& support standard keyboard input. A programmable, high—-precision clock is
5¢ essential, as future testing will almost certainly involve the measurement of
" response Latency. Other future testing possibilities include provision to
.ﬁ. measure a person's ability to identify and track a moving target. This will
?Q require a system capable of internal and/or external expansion and provisions
%‘ for additional interfaces (e.g., a joystick]).
!
@ﬁ Finally, the system must be psychometrically acceptable. CAT-ASVAB must
* measure the same aptitudes measured by PG&P-ASVAB. The CAT-ASVAB and P&P-ASVAB
" versions of the battery must be equated to insure that the scores are
Wy interchangeable. The CAT-ASVAB system must meet stringent professional test
*ﬁ standards.
%% Progress/Plans
We have already achieved several goals. We have developed the functional

Qﬂ requirements for the system. An equating plan has been developed, and is
;ﬁw currently under review by policy and technical representatives from each of the

. services and the U.S. Military Entrance Processing Command (USMEPCOM). We have
I -
0 procured a small number of development systems to begin software
:' design/development. A procurement action to obtain equating systems has been
e initiated and is in progress.
*5 Plans include completion of the design and development of the ACAP

Lo
-

software in 1986. Data collection and extensive statistical analyses will take
sbout a year. We intend to begin the initial operational test and evaluation
in selected MEPS (and their satellite MET sites) in 1987,

BRIC” 2 xc
ol gy

@' CONCLUSIUON

;V§ There have been a number of important changes in the development of the
by CAT-ASVAB system since the last Military Testing Association meeting in
» November 1884. Emphasizing the importance of demonstrating the extensive
%? capabilities of an adaptive testing system for ASVAB, we are concentrating on
.Q‘ the Accelerated CAT-ASVAB Program (ACAP]). However, ACAP 1is viewed as an
k { interim system, not as a replacement for the full-scale development of
; CAT-ASVAB. We plan to use "lessons learned" from the limited deployment of
q% ACAP to strengthen our functional requirements specifications for the
e development of the full-scale CAT-ASVAB system.

A
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Ronsld B. Tiggie, Ph.D.
; and
Mr. Bernard A. Rafacz
Navy Personnel Research and Development Center
San Diego, California, 92152-6800

I3

NAVPERSRANDCEN is currently involved in a major system devclopment effort that is
concerned with the rescarch, development, and eventual implementation of a Computerized
Adaptive Testing version of the Armed Scrvices Vocational Aptitude Battery(CAT-ASVAB).
The goal of this cffort is the implementation of CAT-ASVAB on a nationwide distributed
computcr nctwork. This network will permit the United States Military Entrance Processing
Command (USMEPCOM) to adaptively administer the ASVAB to civilian applicants for mili-
tary scrvice. The CAT-ASVAB System is intended to replace the opcrational paper-and-
pencil battery (P&P-ASVAB) currently used for sclection and classification of enlistcd person-
nel.

P&P-ASVAB testing currently occurs at 68 Military Entrance Processing Stations (MEPS),
two substations and approximatcly 900 ficld locations identificd as Mobile Examining Team
(MET) sitcs. The MEPS/MET sites arc under the administrative responsibility of USMEP-
COM. CAT- ASVAB System components will be used in both of the MEPS and MET testing
sitcs. The system must provide an automated, on-linc system for test delivery and score report-
ing using adaptive, conventional, and timed psychometric tests. Item response theory (Lord,
1980) constitutes the theorctical foundation for CAT-ASVAB adaptive testing.

CAT-ASVAB System Concept

In orer to proposc a system concept/design for a Local CAT- ASVAB Nctwork (LCN), it
is necessary to have available a set of specifications and standards for the performance of the
system oncce implemented. Fortunately a government-specified sct of performance standards
cxists, and it has been documented in the CAT-ASVAB Stage 2 Full Scale Development (FSD)
Request for Proposal. This document outlines the functional requirements for the development
of computcr hardwarc specific to CAT-ASVAB functions. Before the FSD is implemented, an
carly, smallcr-scale development known as the Accelerated CAT-ASVAB Project(ACAP) will
be complcted to provide pilot data in support of thc CAT Stage 2 FSD. The scope of the
ACAP cffort will conform as much as possiblec to the CAT-ASVAB Stage 2 FSD. However,
the CAT- ASVAB functione (o bc addressed under ACAP will be dependent on the computer
hardware design that is sclected. Unlike the FSD, it is not a goal of ACAP to develop com-
puter hardware specific to CAT- ASVAB functions. Rather a system design will be sclected
from a sct of candidatc designs, and then comnmercially-available computer systems will be sur-
veyed in order to identify thc most appropriate system to mect the functional requircments of
CAT-ASVAB.

CAT-ASVADp Operational Requirement

The primary requircment of thc CAT-ASVAB System is that it be capable of administering
a battery of instruments, cquivalent to the present components of the P&P-ASVAB. The
currcnt production battery (P&P- ASVAB) includes 10 tests; cight of these are cognitive power
tests; two arc speeded tests. However, once it is implemented, CAT-ASVAB will be capable
of administering other cognitive and non-cognitive operational and experimental instruments,
as determined by DoD policy.

At present, 20 percent of the production P&P-ASVAB testing occurs at MEPS; the remain-
ing 80 percent occurs at MET test sites.
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MEPS P&P-ASVAB testing is currently but one part of the processing of applizants for
enlistment, and it occurs at fixed-site locations in relatively controlled environments. Experi-
enced and wcll-trained examincrs conduct the testing sessions. In contrast to the MEPS testing
environment, the MET site testing is, in a large number of cases, administcred by an Office of
Personncl Management (OPM) employce working under a service agrecment with DoD. For
the most part, MET site testing is conducted in borrowed facilitics on an ad-hoc basis.
USMEPCOM has no pcrmancnt control over the MET facilitics, and no authority to modify
them. Thus, the CAT-ASVAB System will be required to be used by non-USMEPCOM exa-
mincrs who must sct-up and take- down, possibly cven transport, the CAT-ASVAB testing
cquipment fo and from non-USMEPCOM facilitics as requircd to support cxamining schedulcs.

Functional Requirements

Bascd on the functional specifications stated in the CAT Stage 2 RFP, it is intendced that a
Local CAT Nectwork(LCN) be devcloped that would permit the administration of CAT-
ASVAB to civilian applicants at any of thc MEPS or MET sitcs within CONUS. An LCN
would consists of (up to 24) Examinec Test (ET) Stations linked to a single Test Administra-
tion (TA) Station via a hard-wired clectronic tecleccommunications linc. In addition, a Data
Handling Computer (DHC) would reside at cach MEPS to support the tclccommunications
function among LCN units located at thc MEPS and the MET sitcs for that MEPS, and with
USMEPCOM MEPS computer systems to be used for archiving CAT-ASVAB data.

MEPS Sites. The functional capability that is rcquircd at thc MEPS, in terms of
psychomctric tcsting, is idcatical to that requircd at the METS. Specifically, MEPS cquipment
is stationary, but identical to MET sitc cquipment. Identical LCN componcats at MEPS and
MET sites arc nccessary to accommodate the equating of CAT-ASVAB, commonality of
cquipment for softwarc and hardwarc maintenance purposes, and to permit the cost effective
sharing of cquipment across both types of sites. In contrast to most MET sites, cach cxamincr
at a MEPS tcsting sitc must be able to monitor up to 24 ET Stations in any LCN.

The MEPS sitc implementation of CAT-ASVAB must also include a DHC unit. Thc main
function of thc DIIC is to collcct data daily from cach LCN within the associatcd MEPS
administrative scgment, including LCN's located at MET sites. Data is transmitted to the
DHC cither over a hard-wired connection ( in the casec of MEPS LCN’s) or modems in the case
of MET LCNs.

MET Sites. At thc MET sitcs, transportable computer systems will be used to administer
CAT-ASVAB. The hardwarc configuration is to be bascd on the concept of a "gencric” LCN.
This generic LCN will consist of six ET Stations bcing monitored by a single TA Station,
including any peripheral equipment. Note that many more (up to 24) ET Stations must be
monitored by a single TA station and still maintain CAT-ASVAB pcrformance requircments.
In addition, it is important that the sclected equipment support the CAT- ASVAB Stage 2 por-
tability requircments; i.c., number of packages and weight requirements for a generic LCN (no
morc than cight components weighing a total of no more than 120 Ibs., cach componcnt weigh-
ing 23 lbs). Environmental prcformance requirements such as temperature, humidity, etc.
must also be met.

The computer hardware configuration for an LUN may be described as follows: Each ET
Station would consist of a response device, a screen display, and include access to sufficicnt
RAM and/or data storage to permit the administration of any CAT-ASVAB test; thc amount
of RAM rcquircd depends on the particular application software and nctworking design being
used to implement the functions. Each ET Station would be ticd into a TA Station by net-
working cables; the TA Station being essentially an ET Station with a mass storage device and
full-sized kcyboard attached. Finally, a singlc(very portable) printer and modem for the TA
Station would complete the complement of equipment composing the LCN.
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The opcrational requirement for an LCN is to administer CAT-ASVAB to those military
applicants schcduled for testing at the MET site. Initially, an Office of Personnel Management
(OPM) examiner may be requircd to pick- up the LCN equipment at a staging area; if it were
not sccurcd at the testing site itsclf. The equipment would be transported to the test site, car-
ricd from the vchicle to the test site, and configured, rcady for testing by the cxaminer. Once
all cxaminzes have completed testing, the cxaminer will attempt to telccommunicate examince
personal and test item response data to the DHC unit at the associatcd MEPS. This will be
! donc using a modem and dial-up tcicphone line, if available at the test site. If this is not possi-
ble, the data will be transferred once the cquipment is scturncd to the staging arca.

Finally, if thc cquipment werc not sccured at the testing site, the examiner would package
the cquipment into transportable packages, carry these packages to a vehicle, and return the
equipment to the staging area.

Design Considerations

It can be concluded from the survey of the rcquircments for developing a CAT-ASVAB
System, that design cfforts must be focused on the requirements for a gencric LCN.  This
mainly includes the portability and functional capability of an LCN.

Portability. With respect to the portability aspect of an LCN, it should be clear that the
response of the ACAP system to this requirement will be contingent on the capabilitics of
currently available commercial computer hardware. The ACAP System will not include the
devclopment and/or the building of computer systems to meet CAT-ASVAB nceds, but rather
will usc commercially available computer hardware to support the accclerated ficld- test effort.

On-Line Data Storage. The on-line data storage requirement is the factor which will most
influcnce the sclection of computer hardware to support the ACAP System development.
On-linc data storage requirements will also significantly impact upon the design of the software
for the ET, TA, and DHC units. The TA and ET Stations must have access to the on-line
storage of two Forms of thc CAT-ASVAB. Based on an estimate of 100 items per test, each
Form will rcquire approximatcly 850 Kilobytes (KB) of storage; assuming that the data is
storcd as a scquential file or cquivalent. Actual data storagc requircments would be 30-50%
higher if the system design required that the data be stored as a random access file. Only one
Form must be available to an ET Station during a tcst session.  Additional storage for use by
the TA and ET Station will havc to be allocated for two experimental item pools, of 170 KB
cach (onc pool for cach form); an experimental item sct derived from the cxperimental item
pool, (10-125 KB), application software (approximately 250 KB per unit); two survey question-
nairc itcm banks, 80 KB for both questionnaires; and examince personal data such as informa-
tion required on the USMEPCOM 714-A Form; and cxamince pcrsonal and test item response
data, 15 KB per examincc.

Test Administration Time. Depending on the network that is proposcd to support ACAP, the
time rcquired to administer a CAT-ASVAB test could also affect the minimum response time
requircd to have test data for the next item available at ET Stations.

Candidate Local CAT-ASVAB Network Designs

Using the preceding design considerations as a guide, the current commercial market in
portable ( or, at lcast, transportable) computer systems indicate that there arc three basic
designs upon which to develop a workable ACAP System. For the purpose and scope of the
ACAP cffort, the discussion will be focused upon the storage (and retricval) capability of the
candidates with respect to the 850 KB test item bank. It should be remembered that the
important considcration is that the examinces have available (within the response time specified
in the Stage 2 RFP), the correct test item as dictated by the underlying item sclection strategy
being used at the time.
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The basic designs to be discussed are generic designs and, as such, may not be catizely
represented by an actual example on the commercial market. The examples provided arc those
system designs that come very close to representing the gencric design being discussed.

Design # 1 - CAT-ASVAB Itewms Stored on Removable Media

In this typc of desiga, cach ET Station would consist of sufficient internal storage on
removable media (c.g., 3 /2 in. micro-floppy diskettcs) to accommodatc the storage of the
cniirc test item bank. Intcrnal RAM would be about 512 KB. Necessarily, the test item bank
files would have to be encrypted or “scramblicd” on the removable media. The ET Station
would be wvery portable and wcigh from 11-17 lbs., and include a fiat pancl Liquid Crystal
Display (LCD), clectroluminescent, or cquivalent low-weight display. The compu.e.r system
that may currently best illustrate this hardware configuration is the Data General/Qne.

The main advantage to this type of configuration is that it is basically a very portable sys-
tcm. The total weight for a generic LCON could be as low as 80 Ibs., including scven very tran-
sportable componcats (assuming that the LCN Nctworking requirement was suppressed).

There arc many disadvantages to this design.

1. Sccurity. The cntire test item bank must reside on the removable media, necessarily jeopar-
dizing the sccurity of the test item bank files.

2. Mcdia Updating. Each ET Station wil! requirc two removable diskettes installed in the disk
drives to accommodatc CAT-ASVAB testing. If this design were going to be installed at the
ACAP ficld-test MEPS, and MET sitcs, approximately 400 ET Stations would be involved.
This would requirc 800 micro-floppy diskettes to be inventoricd and sccured; a very large media
creation, distribution, and sccurity problem cach time the test item bank is updated.

3. Easc of Usc. Usc of a removable storage media will require a significant amount of opcrator
intervention to inscrt/recmove diskettes. For cach ET Station, two movements arc required to
"boot” the computer and to reccive testing softwarc. Eight diskette movements are required
to transfcr the examince’s response data to the cxaminer’s work diskette; two movements can
be avoided for subscquent cxaminces. A MET site LCN testing 18 individuals with six ET Sta-
tions available would rcquire at Icast 100 movements.

4. Maintcnance. Since thc micro-floppy drives are in constant use during the testing process,
system maintcnance may be higher than some other configuration in terms of disk drive mainte-
nance and diskette replacement. Each test item being displayed will require at least enc disk
access.

Design # 2 CAT-ASVAB Items Stored on a Central Flle Server

This typc of LCN dcsign is configurcd around a central file server (c.g., a hard disk) whick
acts as the repository for the CAT-ASVAB item banks and supporting data files. In this type
of design, the capabilitics of the network supporting the movement of data from the file server
to cach cxamince station is of paramount importance. A minimal amount of RAM is available
at the ET Station (less than 512 KB), with perhaps onc internal floppy disk drive available. A
central file server is required because cach ET Station cannot support the entire requirement of
data storage without adding significantly more components to the overali network. Typically,
the ET Station is bulkicr and may not support the latest flat screen technology; ¢.g., LCD or
clectroluminescent displays. The Macintosh Computer by Apple Corp. is an example of this
type of design. In gencral, any configuration of equipment requiring a central file server would
be an example of this design.

Perhaps the main advantage to this type of network is that a very sophisticated networking
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capability must be installcd in order to “make it work”. Because this capability is available, one
could, (theorctically) also install a TA Station monitoring capability. The moritoring capabil-
ity would have to be installed in such a fashion so as not to compromise the response time
requircments for the display of test items at the ET S:ations in the LCN. Admittcdly, the
monitoring function could bc potentially very useful at certain large MEPs, in which many
cxaminces arc being examined simuitancously. Unfortunatcly, this is also the situation in which
the ET Station rcsponse time requircment would be most compromised. However, this system
could be the Icast cxpensive of the nctworks being invesiigated. The cost of the file scrver
could be distributcd over cach ET Station which could function without any removable media
being available. Another advantage (as opposcd to Dcesign #1) is that thc movement of test
item bank data and/or cxamince response data to/from the ET Station is automatic and does
not requirc cxamincr intcrvention. Once the nctwork is sct-up and working properly, the
cxaminer's tasks arc minimized with respect to data movement requirements.

TeT AR S

The main disadvantage to this design is concerned with the reliability of the file server
itsclf; when the file scrver fails, the cntire nctwork is inoperable. To mcet the CAT-ASVAB
Stage 2 rcliability rcquircments, it will be necessary to include two identical such in the LCN.
This mcans that the system is hcavy, environmentally intolerant, and requires a large number
of components to be transported. In addition, for MET sitcs in which the equipment has to be
asscmblcd, and disassembled, during cach testing scssion, a heavy requircment will be placed on
the cxaminer to scrve as a computer operator. This could conccivably result in a
reclassification of the OPM examincer position.

Another disadvantage is that the systcm rcsponse time and monitoring requircments arc
functionally rclated in Design#2. It is very difficult to imaginc a nctwork opcrating system
that can simultancously accommodate these requircments in a fuily loaded LCN; 24 ET Sta-
tions attached to a single TA Statjon. What is thc maximum response time at any ET Station
when all examinces arc rcquesting items (simultancously) from the same source (ic., file
scrver)? Note that sufficient time must also be allowed for de-encryption of the items before
display, as wcll as dccompression of graphics items, as necessary. In summary, another disad-
vantage of Dcsign # 2 is that thc maximum system response time is rclatively large compared
to other systcm dcsigns, and thercfore is a potentially compromising considcration relative to
hardware sclcction for purposcs of ACAP.

Design # 3 - Test Item Banks Stored in Examinee Test Station Random Access Memory

The TA and ET Stations in this design would consist of a large amount of intcrnal RAM,
on the ordcr of at Icast 1.5 MB. The ET Station would be supported by onc micro-floppy drive
and probably include the latest in clectroluminescent or LCD display. Thercfore, for purposes
of recovery due to network failure, the ET Station would be very responsive as it is capable of
opcrating indcpendently. In addition, as a networking capability will be available, the TA Sta-
tion could pcrform the functions of an “clectronic” file server. Total RAM available on the
TA Station could be 1.5 to 3.5 MB (preferably higher); allowing for great fiexibility in the total
number of alternate forms available during any one test scssion.

Notc that scveral removable media are required in order to "boot” the systems. However, a
total of no more thar TWQ micro-floppy diskettes are rcquired to store the test item banks
(per Form) and supporting data files; cach ET Station would also requirc enc micro-floppy to
be installed as a "working” diskcttc for failurc rccovery purposcs. Normally (after initial
"boot-up” at the beginning of a test scssion), no micro-floppy diskettc movements arc required
by the examiner; i.c., the network would accomplish all data movements.

The main advantage of this design is that it offcrs a large degree of flexibility with respect
to design options. The ET Stations arc capable of operating as stand-alone devices and, as
such, it is virtually impossible for an cxaminee's test session to fail to be completed; cach ET
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Station backs-up cvery other ET Station. For this reason, and as it minimizes accesses to a
mechanical device, Design # 3 should be the most reliable of the network designs discussed. In
addition, this dcsign offcrs a very high lcvel of security. Once power is removed from the com-
puter, the volatilc random access memory (RAM) is erased.  This provides dependable security
for the test i‘em banks. Furthermore, as noted above, only two removable micro- floppy
diskcttcs are rcquired per form; rcgardless of the number of stations in the LCN.

Another important considcration, in comparison to Design # 2, is that the LCN monitoring
b and the system responsc time requirements are not functionally rclated. In addition, it is possi-
ble to configure a collection of computer hardware for Design # 3 that permits the entire 850
KB test item bank (for a form) to reside at the ET Station. Therefore, the response timce
! required to display test items will be nctwork independent. The item display process will be
:

h

accomplished at RAM speed, resulting in a maximum response time that is on the order of mil-
liscconds, as opposcd to scconds.

Gencrally spcaking, up to failure recovery, during actual test administration, the advantages
of Dcsign # 3 include: a) no removable media are requirces, b) minimization of the necd to use
mcchanical devices, ¢) a high lcvel of sccurity for test item banks, d) exccllent system response
time charactcristics, and ¢) de-cncryption of test item bank nced occur but once; when this
information is initially transferred to the “clectronic” file server. In addition, some of the
better features of Design # 2 arc also characteristic of this design: a) examincr intervention to
movc data in an LCN is not rcquircd, and b) TA Station monitoring capability can be
automatcd.

The primary disadvantage of this design is that it docs tend to cost morc than some alterna-
tives. However, it is certainly truc that the cost of computer hardware is decreasing.  Another
disadvantage is that there is only onc viable candidate system on the market that would come
closc to excmplifying this design; that being the Hewlett-Packard Integral Computer. This sys-
tem is currently capable of 1.5 MB of intcrnal RAM (to include a networking interface card),
with a single 3 1:2 in., 710 KB capacity, micro- floppy. Finally, in the casc of the Integral, the
ET Station would be somewhat hcavier than some alternatives, weighing approximately 23 Ibs.
(assuming that the printer is removed).

Recommendations.

Of the thrce Designs discussed, the authors recommend Design # 3. They belicve that it
will give the Government the greatest amount of flexibility as the ACAP system is ficld-tested
and the LCN configuration nceds to be adjusted to accommedate future requircments. In
addition, this design offcrs a system with the greatest amount of rcliability and test item sccu-
rity. No mecchanical devices are required to maintain normal CAT-ASVAB testing (up to
recording examince data on the micro-floppy associated with an ET Station for back-up pur-
poscs in the cvent that station fails during a test session). Test itcm bank data will be stored in
volatilc RAM instcad of removable media, insuring the crasure of this sensitive information
immediatcly when power is removed.

e
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A Validity Study of the Computerized Adaptive Testing Version
of the Armed Services Vocational Aptitude Battery

Kathleen Moreno & Daniel O. Segall
Navy Personnel Research & Development Center

William F. Kieckhaefer
RGI, Incorporated

PURPOSE

The purpose of this study was to assess the construct and predictive vali-
dity of a Computerized Adaptive Testing (CAT) version of the Armed Services
Vocational Aptitude Battery (ASVAB). This study was conducted as part of
an effort to evaluate CAT-ASVAB as a replacement for the paper-and-pencil
ASVAB (P&P-ASVAB).

BACKGROUND

Over the past decade numerous empirical studies have been conducted to
evaluate the construct and predictive validity of adaptive aptitude testing
(Sympson and Moreno, 1985). Overall, the results of these studies indicate that
adaptive testing is as valid as conventional, paper-and-pencil testing. However,
the majority of these studies were conducted using verbal ability or arithmetic
reasoning tests. Very little research has been conducted using aptitude tests
measuring other types of ability.

The battery of interest in this study, the ASVAB, consists of tests measur-
ing ten types of ability. The ASVAB is used by all military services for selec-
tion and classification of military applicants. This study examined the con-
struct and predictive validity of all ASVAB tests.

APPROACH

Examinees

Examinees were military recruits scheduled for training in one of the mili-
tary service specialties selected for inclusion in this study. Over all services,
7,515 examinees were tested. Sample sizes for each specialty are shown in
Table 1.

Tests

P&P-ASVAB. The P&P-ASVAB is a group-administered, conventional
battery in which all examiuees answer all items in the same sequence. The
P&P-ASV AB consists of eight power tests and twe speeded tests: General Sci-
ence (25),! Arithmetic Reasoning (30), Word Knowledge (35), Paragraph

! Values in parentheses are test lengths.
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Comprehension (15), Auto and Shop Information (25), Mathematics Knowledge
(25), Mechanical Comprehension (25), Electronics Information (20), Numerical
Operations (50), and Coding Speed (84). There are six parallel forms of the
P&P-ASVAB. This study used forms 8A and 9A. Number correct scores
served as estimates of ability.

CAT-ASVAB. The CAT-ASVAB used in this study is an experimental ver-
sion designed to measure the same abilities as those measured by the P&P-
ASVAB. There are nine power tests and two speeded tests: General Science
(197),2 Arithmetic Reasoning (166), Word Knowledge (194), Paragraph
Comprehension (95), Auto Information (179), Shop Information (189),
Mathematics Knowledge (135), Mechanical Comprehension (70), Electronics
Information (168), Numerical Operations (50), and Coding Speed (84). The
nine power tests were administered adaptively using maximum information
item selection and bayesian scoring. All power tests were terminated at a fixed
length of 15 items, expect for Paragraph Comprehension, which was terminated
after 10 items. The two speeded tests were administered in a conventional
manner, with the test terminating after a fixed time. For the speeded tests,
number correct scores were used to estimate ability.

Criterion Variables

Since each service has numerous training schools, prediction of perfor-
mance for only a selected number could be assessed in this study. Schools
were selected so that a wide variety of specialties would be represented. In
addition, since military services use composites of test scores for selection and
classification, schools were selected so that school composite scores would span
all ASVAB tests. Table 1 lists the selected specialties and the criteria used for
each specialty. For the majority of specialties, final school grade (FSG) or
time to completion (TC) was used. However, for some specialties these meas-
ures were not available. In these cases, analyses were performed to determine
which measure should be used.

Procedure

Examinees were tested approximately two weeks after arrival at a recruit
training center, prior to entrance into training schools. Examinees were group-
administered the experimental CAT-ASVAB and those P&P-ASV AB tests that
were used in computing a recruit’s school selection composite score. The tests !
were counter-balanced so that half the examinees took CAT-ASVAB first and
half took P&P-ASVAB first. The CAT-ASVAB was administered using Sanyo
monitors and Apple III computers networked with a Corvus hard-disk drive.

Pre-enlistment ASVAB scores were collected on all examinees from DD
forms 1966. School performance data were collected after examinees had com-
pleted training.

2 Values in parcntheses are item pool sizes.
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Data Analyses

Predictive Validity. For each of the selected specialties, composite scores
were computed from CAT-ASVAB standardized scores and from P&P-ASVAB
standardized sccres. Validity coefficients were obtained for each test version
by correlating school composite scores with school performance data. In order
to test for significant difference between test versions, 1 values were computed.
Since examinees in this study were a selected sample from the military appli-
cant population, validity coefficients were corrected for range restriction using
a multivariate approach (Lawley, 1943). No significance testing was performed
using corrected validity coefficients.

Construct Validity. For each service, the intercorrelation matrix of CAT-
ASVAB and P&P-ASVAB test scores was factor analyzed using the principal
axes method, followed by a varimax rotation to simplify the factor structure.

RESULTS

Predictive Validity

Table 1 shows the validity coefficients obtained using CAT-ASVAB and
P&P-ASVAB. Significance tests revealed no differences between the validity

coefficients for the two test versions, even though CAT-ASVAB tests are
much shorter than P&P-ASV AB tests.

Construct Validity '

Table 2 shows the results of the factor analysis using data from the Air
Force sample. Four factors were extracted, based on an eigenvalue of 1.0 or
greater. These factors have been labeled as technical, verbal, mathematical,
and speeded factors. As shown, the CAT-ASVAB tests had similar loadings to
those of the corresponding P&P-ASVAB tests. Findings were similar for the
other three services.

e 2w

CONCLUSIONS §

These results suggest that CAT-ASVAB is a viable alternate to P&P-
ASVAB. In this study, CAT-ASVAB tests seem to be measuring the same
abilities as the P&P-ASV AB tests and predict school performance as well as
: P&P-ASVAB tests, even though CAT-ASVAB test lengths are much shorter.
However, before replacing the P&P-ASVAB with CAT-ASVAB, the two ver-
sions should be compared in terms of differential prediction by test version and

subgroup membership. Such analyses are currently being performed at
NPRDC.
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Table 1

Validity Coefficients for CAT-ASVAB and P&P-ASVAB
Validity Cocfficients
Sample
Specialty Criterion Size CAT-ASVAB P&P-ASVAB
NAVY
Radioman TC 186 -41 (-.69) -40 (-.68)
Mess Management FSG 170 45 (.74) 40 (.1)
Hospital Corpsman FSG 192 56 (.77) £0 ( 80)
Electronics Tech. TC 143 -41 (-80) -46 (-83)
Hull Maint. Tech. FSG 170 35 (.75) 35 (75
Sonar Tech. FSG 205 46 (.719) 46 ( 80)
AIR FORCE
Avionics FSG 147 56 ( 80) 56 ( 80)
Administration FSG 208 22 (.57) 15 ( .53)
Aircraft Maint. FSG 245 54 ( 8Y) 49 (.79)
Medical FSG 95 54 ( 87) 62 ( 86)
Security Police FSG 456 49 (.78) 45 (.77)
MARINES
Avionics FSG 228 49 ( 81) 48 ( 81)
TC 228 -58 (-84) -54 (-84)
Administration
Lejeune FSG 72 14 (32) -05 (.13)
Pendelton FSG 39 22 ( 49) 29 ( 56)
Aircraft Mech.
School 1 FSG 181 34 (54) 30 ( 53)
Schaol 2 FSG 69 50 (.70) 47 ( .70)
Motor Transport FSG 151 29 ( 47) 30 ( 48)
Combat Engineer Sum(Alt) 123 £9 ( 82) 66 ( 80)
Ficld Radic Opr. Sum(1-4) 128 33 (43) 21 (37)
Sum(5-8) 128 06 ( 46) 09 (47)
ARMY
Infantry Sum(All) 329 -24 (-34) -28 (-36)
Mechanic
Fort Dix Average 198 57 (.74) 59 (.76)
Fort Jackson PC 186 35 ( 52) 338 ( 54)
Motor Transport Sum(All) 277 -47 (-.63) -44 (-63)
Administration Wtd Sum 145 -35 (-64) -44 (-72)
Telecom. Opr. Sum(All) 169 15 ( 28) 22 (32)
Medical FSG 225 £3 ( 85) 59 ( 83)

Note. TC is the time for course completion; FSG is a final school grade; Sum(All) is
a sum of training module scores; Sum(1-4) is a sum of scores on training modules one
through four; Sum(5-8) is a sum of scores on training modules five through eight;
Average is an average of the scores on all training school modules; PC is a percent
correct score on the end-of-course test; and Wid Sum is a sum of module scores
minus a weighted typing score.

Numbers in parentheses are validity coefficients corrected for restriction in range.
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Table 2

Results of a Factor Analysis of CAT-ASVAB
and P&P ASVAB Scores from an Air Force Sample

Varimax Rotated Factor Matrix

Factor 1 Factor 2 Factor 3 Factor 4
(Tech) (Verbal) (Math) (Speeded)
P&P-ASVAB
AR 28 15 66° 31
WK 17 82 08 05
PC 16 50* 13 16
NO -07 00 24 a0*
GS 40* 63* 22 -01
CS 00 01 06 71t
AS 82° J4 -01 00
MK g7 25 80* 23
MC 65* 21 36* -01
El 61* 32* 19 -03
CAT-ASVAB

AR 31* 27 J1* 22
WK 15 85 16 03
PC A7 08* 23 A3
NO -03 13 26 65*
GS 33* 3¢ 28 00
CS -03 10 08 J1*
AS 90* 15 09 -02
MK 08 29 J4* 23
MC 66* 22 30* -03
El 64 42 26 -08

*factor loading > .30
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Assessment of the Unidimensionality of CAT-ASVAB Subtests

Mary K. Schratz
Navy Persornel Research and Development Center
San Diego, California 92152-6800

Background

A joint-service project is underway :. develop a computerized adaptive
testing version of the Armed Services v ocational Aptitude Battery (CAT-
ASVAB). CAT-ASVAB is intended to replace the paper-and-pencil ASVAB
(P&P-ASVAB), used by the four military services to select and classify appli-
cants. The present P&P-ASVAB battery consists of ten aptitude subtests. These
subtests, and the number of items included in each for a given form of P&P-
ASVAB, are listed in Table 1 below.

Table 1. P&P-ASVAB Subtests and the Number of Items Included per Form

Subtest Number of Items
General Science (GS) 25
Arithmetic Reasoning (AR) 30
Word Knowledge (WK) 35
Paragraph Comprehension (PC) 15
Numerical Operations (NO) 50
Coding Speed (CS) 84
Auto and Shop Information (AS) 25
Mathematics Knowledge (MK) 25
Mechanical Comprehension (MC) 25
Electronics Information (EI) 20

The Numerical Operations and Coding Speed subtests are speeded measures;
all other subtests are power measures. All examinees taking a given P&P-
ASVAB form are administered the same set of test items in all subtest areas.

While CAT-ASVAB is intended to measure the same subtest areas as
P&P-ASV AB, the power subtests of CAT-ASVAB will be administered adap-
tively. Within each power subtest, different items will be selected for computer
administration to examinees, depending on their performance on previously
administered items. The testing process is thus individualized for examinees.

The Problem

The theoretical framework supporting the adaptive testing process to be
implemented in CAT-ASVAB is item response theory (Lord, 1980). The item
response theory methods to be used assume that each subtest is unidimensional.
The outcome of this assumption is that each item included in a given subtest
should measure the same unitary construct, in addition to having specific and
error variance components associated with it. The Committee for an Evalua-
tion Plan for the Computerized Adaptive Vocational Aptitude Battery (Green,
Bock, Humphreys, Linn, & Reckase, 1982) states that unidimensionality is
always advisable for tests of ability, but is more important for adaptive tests.
Though some may be of the opinion that the IRT model to be applied in
CAT-ASVAB is strong enough to counteract potential problems with respect
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to multidimensionality in CAT-ASVARB subtests, further study of ihis problem
is necessary. Unidimensionality may be considered an important problem for
an adaptive test because different items are administered to examinees. For a
traditional test such as the P&P-ASVAB, all examinees are presented the same
test items, and are given an equal opportunity to respond to them irrespective
of their dimensionality. The individualized nature of adaptive tests may raise
questions related to test fairness. The present paper describes the approach to
be taken, progress, and plans for dimensionality analyse: of CAT-ASVAB
items.

Approach

A recent advance 1 the development of factor-analytic approaches to
exploring test dimension&) Wy is “full-information item factor analysis.” Bock,
Gibbons, and Muracki {1935) contend that of the various methods that have

een proposed for investigating dimensionality of item sets, item factor
analysis is the most sen<tive and informative. This method of item factor
analysis is based on ierr. response theory; it uses all data as distinct item
response vectors. Thurstone's multiple factor model is used. The procedure is
implemented by marging maximum likelihood estimation and the EM algo-
rithm. Statistical significance of the addition of successive factors to the model
is tested by a likelihcod ratio criterion. Provisions for the effects of guessing
on multiple choice ite-ms, and for omitted and not reached items, are included.

One of the applications of this methodology to real data, presented by the
authors as evidence for the accuracy and practical utility of the method, is an
analysis of the power subtests of P&P-ASVAB. The analysis was conducted in
a ten-percent random sample of data from the Profile of American Youth
Study. The number of cases used in the analysis was 1,178, drawn from a total
sample of 11,817 subjects. The details of the item factor analyses are presented
in the Bock et al. (1985) report. For the purposes of this presentation, the
results obtained for P&P-ASVAB are relevant to the selection of and applica-
tion of an approach for studying test dimensionality in the intended replace-
ment battery, CAT-ASVAB. Thus they will be described briefly.

For the P&P-ASVAB General Science test, Bock et al. {1985) found two
significant factors; one factor was interpreted as a physical science factor and
the other factor was interpreted as a biological (or health science) factor. Two
factors werre also found for the Arithmetic Reasoning subtest. While the
sccond factor found was a minor one, the authors have interpreted it as a busi-
ness arithmetic factor. For the Word Knowledge subtest, clear evidence for a
second factor was found, though the factor has no apparent relationship to
item content. For the Auto and Shop Information subtest, the authors found
clear evidence for two factors separating the two types of items. For the
Mathematics Knowledge subtest, two significant factors were also found; one
factor involved items requiring knowledge of formal algebra and the second
factor involved numerical caiculation and mathematical reasoning. Only one
factor was found for the Paragraph Comprehension, Mechanical Comprehen-
sion, and Electronics Information subtests.

Bock et al. (1985) conclude that the applications of the procedure reported
in their paper show that, for moderately large samples, minor factors can be
detected. The procedure is recommended as an exploratory technique in
searching for item features that are responsible for individual differences in
cognitive test performance.
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ikt Given the reported adequacy and practical utility of the full-information

o factor analysis approach to the detection of multidimensionality in item sets,
oy and the indications of multiple factors found by Bock et al. (1985) in the sub-
N tests of the P&P-ASVAB battery which CAT-ASVAB is intended to replace,
N NPRDC plans to make use of this procedure in study ng the dimensionality of

the CAT-ASVAB items.

N Progress and Plans

~7
N One of the requirements of the adaptive testing process is the develop-
u ment and calibration of a large bank of test questions, covering a wide range
- of difficulty for the intended test-taking population, for use in the item selec-
e tion process. In a study carried out by the Air Force Human Resources
::1" Laboratory, and conducted under contract by Assessment Systems Corpora-
:;" , tion, a bank of 2,118 test items intended for operational use in CAT-ASVAB
" was developed and calibrated in 1983. This bank of test questions covers all of
‘:.':,‘ the P&P-ASVAB power subtest areas, with more than 200 items developed for
’ each subtest. On the basis of statistical and judgemental criteria, items will be
- selected from the total number available for inclusion in the final CAT-
' . ASVAB battery. One of the criteria for accepting an item for inclusion in the
e final battery is measurement of a one-dimensional universe represented by a
:?_e: pool of items. This pool may represent a subtest, or, alternatively, a subset of
) items within a subtest. From unidimensional pools of items, individual test
A items will, of course, be sclected for administration to examinees in the adap-
,&;’ tive testing process.
e‘:( Preliminary full-information item factor analyses of one of the more
o suspect subtest areas of the CAT-ASVAB item bank, given the results of Bock
Y et al. (1985), have been conducted. Analyses of the General Science items indi-
A.b cate that indeed the item factor analysis procedure is sensitive to the presence
, of minor factors in the data. The CAT-ASVAB General Science items were
A developed to measure three main subject areas: (1) Life Science; (2) Physical
o Science; and (3) Earth Science (Prestwood, Vale, Massey, & Welsh, 1984).
e Items were randomly assigned to four test booklets for calibration purposes
o and approximately 2,500 examinees were tested with each booklet. Inspection
" of the individual items, the content categories which they were written to
o represent, and the preliminary item factor analysis results suggests some clus-
tering of items in terms of subject matter. Where a preponderance of items of
Z‘_{; one type have been assigned to a booklet, the procedure appears to be sensitive
Had to the detection of minor factors.
el It is NPRDC'’s intention to conduct full-information item factor analyses
et for each power subtest to be included in the CAT-ASVAB battery. This will
be done in a joint calibration analysis of both the CAT-ASVAB items and
N P&P-ASVAB items for each subtest. While CAT-ASVAB is intended to
s replace P&P-ASV AB, both batteries will concurrently be administered in an
0 operational setting. CAT-ASVAB subtest scores must be scaled to those of
NG P&P-ASVAB and, as is the case for the present P&P-ASVAB, a single CAT-
3 ASVAB score will be generated for each subtest. The joint item factor analysis
a3 of CAT-ASVAB items and P&P-ASVAB items for each subtest is expected to
23] result in as many or more factors than those determined for the corresponding
{4 P&P-ASVAB subtes' ‘lone. Where more than one dimension is present, the
',E?-" joint calibration will .ilow for transformation of the resulting item parameters
A to congruence with those parameter estimates obtained from the analysis of
(1 P&P-ASVAB items alone. Dr. Bruce Bloxom of Vanderbilt University is
: presently working on a procedure for combining m multidimensional ability
%S
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scores into a single score compatrable to that obtained on P&P-ASVAB.

Recommendations

The individualized nature of adaptive tests raises interesting test develop-
ment issues related to test fairness. The adaptive testing process to be imple-
mentcd in CAT-ASVAB is supported by item response theory methods which
assume that a single underlying trait is measured within a subtest. Bock et al.
(1985) have provided a promising procedure for investigating conformance to
this assumption. It is recommended that the full-information item factor
analysis approach, currently being used as an exploratory technique in the
development of CAT-ASVAB item pools, be considered for use in other test
development applications involving item response theory methods.
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SEX DIFFERENCES IN IRT TRUE-SCORE EQUATING

Daniel O. Segall
Navy Personnel Research and Development Center

William F. Kieckhaefer
RGl, Incorporated

Kathleen E. Moreno
Navy Personne!l Research and Development Center

Introduction

The current Armed Services Vocational Aptitude Battery (P&P-ASVAB) is a
paper-and-pencil test with a fixed sequence of test items. The Navy Personnel
Research and Development Center is developing a computerized adaptive version
(CAT-ASVAB) as a possible replacement for that test. The CAT-ASVAB will tailor
the difficulty of the test items administered to the individual from responses to earlier
items. This testing method is expected to increase the efficiency of selecting and clas-
sifying new accessions.

If the CAT-ASVAB becomes operational, it will be implemented gradually so
that some examinees will be administered the CAT-ASVAB while others will receive
the P&P-ASVAB. The two versions use different estimators of ability. The P&P-
ASVAB uses a number correct score for each examinee, while the CAT-ASVAB
computes a bayesian estimate of ability. Scores from the two versions must be
equated so that personnel selection and classification decisions do not vary between
test versions.

Braun and Holland (1982) give one definition of test equating. They adopt the
definition Form-X and Form-Y are equated on population P if the distribution of the
transformed y scores in population P is the same as the distribution of the
untransformed x scores. Applying this definition to the curreat problem, the CAT-
ASVAB and P&P-ASVAB are equated on population P if the distribution of the
transformed CAT-ASVAB scores in this population is the same as the distribution of
the P&P-ASVAB scores. This definition has the desirable quality of assuring equal
flow rates for the two versions of the ASVAB.

Unfortunately two tests that are equated on population P may not be equated
for various subpopulations that are included in P. Test scores that are equated for
the military applicant population may not be equated for either the population of
female applicants, or the population of male applicants.

This paper investigates the application of IRT true-score equating to the experi-
mental CAT-ASVAB. An effort is made to determine whether CAT-ASVAB scores
can be transformed to a paper-and-pencil scale without placing either males or
females at a disadvantage relative to their P&P-ASVAB scores.

Method

SUBJECTS. During April of 1984, 200 male and 200 female Army recruits at
Fort Jackson, South Carolina participated in this study. Each subject took both the
CAT-ASVAB and the P&P-ASVAB.
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SUBTESTS. The five subtests of the P&P-ASVAB selected for this study were
§ taken from Form 8a: Arithmetic Reasoning (AR), Word Knowledge (WK), General
N Science (GS), Paragraph Comprehension (PC), and Numerical Operations (NO).

There were five CAT-ASVAB subtests designed to measure the same aptitude as
the P&P-ASV AB subtests mentioned above: AR, WK, PC, NO, and GS.

PROCEDURES. Proctors seated all subjects in the testing area for the ASVAB
and instructed them to complete the Privacy Act Statement. Then, half the subjects
,'! took seats in the adjacent CAT-ASVAB testing area. Subjects in this condition com-
pleted the CAT-ASVAB first and the ASVAB second. Subjects in the other condi-
tion (i.e., the remaining half of the subjects) took thc P&P-ASVAB first and the

4 CAT-ASVARB second.

\

t

1' Equating Transformations

‘ Although each CAT-ASVAB subtest is designed to measure the same cognitive
0 ability as its P&P-ASVAB counterpart, the two versions are not on comparable scales.
N The CAT-ASVAB power subtests produce an ability estimate (8) while the P&P-
'4 ASVAB produces a number correct score (x). Although the CAT-ASVAB subtest of
Numerical Operations does produce a number-correct score similar to the P&P-

ASVAB, the method of responding has been shown to effect the CAT-NO score dis-
tribution. Thus for each content area, some method of equating the two versions is
necessary.

We used two different procedures to equate the five subtests, depending on
\ whether the subtest was adaptive or speeded. We used a procedure similar to one
" recommended by Green, Bock, Linn, and Recakase (1985) to equate the CAT-
ASVAB power subtests. This procedure transforms the thetas into expanded
expected number correct (EENC) scores. We used an equipercentile method to
equate the CAT-NO specded subtest. Both procedures are described in detail below.

]
) POWER-SUBTESTS. For the power-subtests scores, we performed a two-stage

equating. First we calculated expected number correct scores for the four CAT-
ASVAB power subtests. Equation (1) transformed the estimated CAT ability, 8,, for

¢ each person a, to an expected number correct score £,.

[; éa E E P(“lk’ xkaclk’e ) (1)
» k=)i1=]

%) where n equals the number of items in the P&P subtest, and P(a,,b,,c;;0,)

represents the item characteristic curve defined by the three parameter logistic model
evaluated at Oa, for item i of P&P-ASVAB form k (where k = 1,2,...,5,6)

We substituted item parameter estimates 4, b,, ¢; (Sympson & Hartmann,
1985) for the values ay, b, , c; in equation (1). Then for each estimated ability, 8,
an expected number correct score, &, , was obtained from (1).

'

Second, we applied a linear transformation to the scores computed from equa-
tion (1). This produced expanded expected number correct (EENC) scores that pos-
sessed the same mean and variance as the observed scores of the corresponding P&P-
ASVAB. Finally, we rounded these EENC scores to the nearest integer value to pro-
duce the CAT-EENC scores. We repeated all the above procedures for each of the
CAT-ASVAB power subtests (AR, WK, PC, and GS).

SPEEDED-SUBTEST. Numerical Operations (NO) was the only speeded subtest
included in this study. This subtest is not adaptive and produces a numt «r correct

I
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score.

We obtained NO-equating data from 1,364 Army recruits. Each recruit received
both versions of the subtest: (a) the CAT-NO subtest, and (b) forms 8 or 9 of the
P&P-NO subtest.

<ot @
-,

- o,

4N We used an equipercentile method to equate CA.-NO to P&P-NO. First, we
"‘%‘ obtained CAT-NO and P&P-NO number correct scores at 99 different cumulative-
A percentile points. These cumulative-percentile points were obtained at unit intervals

e
s

ranging from 1 to 99, inclusive. Next, we used least-squares-polynomial regression to

) smooth the equipercentile-equating function. We calculated polynomial regressions of
g several different orders and judged the quintic regression to provide the best fit based
(4 on a rooi-mean-squared-error criterion. We equated scores below the second percen-
‘%’5 tile (of the CAT-NO score distribution) using linear interpolation from the (0,0} point
52 to the point corresponding to the second percentile. Then we obtained smoothed-
2 equipercentile estimates for each number-correct score using the estimated-
polynomial-regression equation (or by linear extrapolation). Finally, these values

;5'" were rounded to the nearest integer.
,":'t? Resuits
4
ke Kolmogorov-Smirnov two-sample (XS) tests were used to test the difference

between the P&P-ASVAB and equated CAT-ASVAB distribution functions. KS tests
: were run for all five subtests.

5 The total sample was first randomly divided into two groups, with the restriction
. that total group size was approximately equal and the number of females and males
did not differ by more than one across the two groups. The next step computed
e expected number correct (ENC) scores from CAT-ASVAB thetas for each group.
." The linear transformation which transforms ENC scores to EENC scores was
i& estimated for each group separately. Each transformation was then used to compute
? the CAT-EENC scores for that group.
p Two comparisons were made: (1) a comparison of the CAT-EENC score distri-
B bution of Group A to the P&P-ASVAB score distributions of Group B and, (2) a
: comparison of the CAT-EENC score distribution of Group B to the P&P-ASVAB
e score distributions of Group A. Differences were tested using the KS statistic. The
. above procedure was repeated separately for the male, female, and combined samples.
{'.*p" Table 1 presents the results of the KS tests. Each comparison examines the
difference between the CAT-EENC (or number correct for the NO subtest) distribu-
tion function and the corresponding P&P-ASVAB distribution function. Only two
;),H. comparisons were significant at the .05 level: (1) the comparison of scores on NO for
3?,'3 females, and (2) the comparison involving the AFQT composite for females.
&80
Y
f Discussion
The results of the KS analysis indicate that the IRT true-score equating pro-
! cedure provides similar distributions for the two versicns of the ASVAB. Neither
~'::J males or females appear to be placed at a disadvantage relative to their P&P-ASVAB
\'\J
A scores.
5
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Table 1
Kolmogorov-Smirnov Two-Sample Tests
Comparison One Comparison Two

Sex Subtest Z Probability Z Probability
Males AR 927 36 480 98
WK 758 61 478 98
n,=72 PC 677 a5 541 93
n,=73 NO 883 42 500 96
GS 816 52 | 715 69
AFQT 926 36 500 96
Females AR 1.178 13 478 98
WK 970 30 904 39
ny=99 PC 460 98 547 93
n,=100 NO 1.679 01 676 75
GS 1.078 20 901 39
AFQT 1.444 03 600 86
Combined AR 737 .65 517 95
WK 884 42 948 33
n,=171 PC 472 98 642 81
n,=173 NO 1.223 10 684 74
GS 476 98 845 47
AFQT 802 54 474 98
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Reducing the Predictability of Adaptive Item Sequences

C. Douglas Wetzel James R. McBride
Navy Personnel The Psychological Corporation
Rescarch & Development Center San Dicgo. CA 92101

San Diego. CA 92152

Previous research into the psychometric properties of Computerized Adaptive
Testing (CAT) has shown that adaptive tests are much more efficient than conventional
tests {eg. Weiss, 1974, 1982). Different methods of adaptive testing vary widely in
efliciency. The most eflictent are those in which test 1items are chosen one at a time, in a
manner which optimizes some function of the difference between item d:ifficulty and the
current estiumate of the exammee’s ability However. many optimization CAT strategies
vield a predictable sequence of test items early in testing that could lead to over
exposure of items and possible compromise. This is because the possible sequences of
test items form a binary tree  The same item will always be chosen first: only two items
can be chosen second, and so on. As a result, all examinees who answer the first several
items the same way will encounter 1dentical sequences of test items, making compromise ’,
easy and almost inevitable.

This repetition of predictable item sequences is illustrated in Figure 1 with plots of
individual examinee ability estimates as a function of test length. The course of testing
fur each examinee is traced up the page, with all examinees starting at an ability
estimate of zero prior to being given their first test question (i.e. item zero). It can be
seen that after the first test item is administered, there are only two possible ability
estimates from right or wrong responses, and after the second item there are just four
possible ability estimates, and so forth. As the number of items increases, the common
paths shown early in testing fan out into a number of unique ability estimates. Smaller
changes in the ability estimates are found later in testing (items 10-15) where they
“home in” on a region of the ability continuum and become more reliable.

- - -
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TEST SEQUENCE ( ITEM NUMBER )

ESTIMATED ABILITY (§)

Figure 1. Item-by-item ability estimates (0) for 75 Marine Corps recruits given a 15
item adaptive test using Owen’s Bayesian strategy (Owen, 1969, 1975)
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This situation suggests the need for a method which retains the efficiency of the
mathematically optumal adaptive strategies, but one which ehiminates the occurrence of
predictable sequences of test items One method of avouding predictable item sequences
5 to choose an item at random from among a set of nearly optumal 1items  In the present
work, a stratified maximum information (STMI) strategy was selected for extensive
study of random selection from several good or informative items taken at different
pomts m the sequence of items A\ question to address 1s whether this technique to
reduce the repeated exposure of the very best items i the bank would reduce the
psychometric quality of the resultant adaptive test. relative to several other adaptive
and conventional test strategies

APPROACH

A twostage computer sumulation was used to investigate the eflect of various item
selection strategies on the psychometric characteristies of the resuitant tests  The first
stage simulation generated item parameter estimates with typical error characteristics.
This item bank was used for the second stage in simulated administrations of adaptive
and conventional tests for normal and rectangular examinee true ability distributions.

Generating Fallible Item Parameter Estimates: A simulated item bank was
created based on real item parameters representative of a "live” testing situation  The
item bank consisted of two parameters sets. the “true” parameters { a, b, ¢ }, and
simulated esumates { @. b. ¢ }  Unlike many synthetic item banks (e.g. Wetzel &
McBride, 1983). real items written for live examinees often yield unique item banks
without uniform distributions when broken down by each item parameter, and may have
a distinct positive correlation between the da-parameter and b -parameter Ta
(Svmpson. Weiss and Ree: 1982). To achieve a test information curve that
approximated that of real test items, a simulated bank was based on item parameters
from real test items. Lstimated item paramecters from real items were used as true
parameters for a simulation of the item calibration phase. The 200 real item parameters
were obtained from J B. Sympson of NPRDC from his calibration of five ASVAB
content areas  word knowledge, arithmetic reasoning, paragraph comprehension, general
science and, :nathematical knowledge. These banks had each been calibrated with
LOGIST (Wood. et al, 197¢) on approximately 1500-2000 live examinees for entrance
into the armed forces. In the present study, a stratified random sample from these five
banks ( 970 total items. from individual banks of 180-210 ) was taken by randomly
selecting 0 items from each of the five banks to yield a new combined total of 200
items  These 3-parameter logistic estimates were then used as if they were ’true’ item
parameters in a siunulation in which examinees were administered all 200 items
Examinee item responses were simulated by using the 3-parameter logistic model
(Birnbaumn, 1968) to generate simulated binary responses to the test items using a
probability sampling technique often employed for this purpose (Vale and Weiss, 1975).
Il a random number drawn from a uniform distribution on the interval (0,1) was less
than the 3-parameter logistic model probability of a correct response P (0), then the
examinee was credited with a correct answer, otherwise an incorrect item response was
specified  The simulated correct and incorrect 1tem responses were created for 1500
normally distributed simulated examinees for these 260 items and then calibrated for the
present study with LOGIST  These parameter estimates were then joined with the
generating “true” parameters for simulations of the various test strategies studied here.

Examinee True Ability () Distributions: Each test strategy simulation run

was conducted twice with 1900 simulated examinees (1) once with a Rectangular 0
Distribution of 19 groups (100 examinces each) 25 ¢ units apart over the the interval
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Simulation of Testing Strategies: .\ fixed test length of 15 stems was selected as
a tepresentatne number of atems o which an adaptne test could  possibly be
auplomented  For cach test strategy 1900 exammees were simudiated from the two
ey distnbutions Exannnees always tesponded to the true ttem parameters { a b,
¢ o the basis of true abaliny () according the 3-parametet logistic model A tem-
tespense was seotcd correct by the probability <amphing techmque deseribed above  ltem
soloction was based on the estimated parameters Va0 ¢ ) Abihty estimation m the
tw s Bavesian tosts Gsee bdow ) used the same estimated item paramieters as used for item
~clection AT adaptive tests began with an natial abiity estimate (8) of 0.0 and the two
Boavestan tests assumed an il notmal poor disttbution of abihity with vaoance 10
Fithor Baveston o masimune hhehhood ability estimates were hunted to the range
P00t - 300 Tlach testing strategy s deseribed helow

Ouen's Soyquential Bayesian Test "Thos adaptive strategy chooses an item to
wnnmize the expected value of the postenior vanance of the alihty distnbution (Owen.
1969 1975)  “The abdity estimate {distiibution) s updated after cach e and the
potaoetars of the Baves postenor disttbution are used as parameters of the prio
dhistibution for the nest tem

Strathed Marimuwm Information Test - Bayestan Scoring ( STMI-B ). Ths adaptive
test selects the atem with appronmmately the greatest tem mformation ( 1(#) ) at the
cuttent Bavestoe abuhity estimate 0 Teems are seleeted from a prearranged “information
table consisting of stratihied Ists of mformation values caloalated for fixed @ levels,
Pacl Bist ol the iformation table contams nformation values artanged in deseending
crder of the values of then wlormation funetions at the midpoints of a series of nariow
mtenvals of abaliny T tlos study . 36 hsts i L 125 wide § merements spanned the ability
tange from =225 to =225 The abiity estimute was updated after cach 1item with the
satie Bavesian ability estimation procedure emploved m the Owen™s test above  This
STN-B strategy s o Thybod™ (Wetzel & McBrde, 1983) between previous strategies
that the same wformation table method is employed. hut Bayesian ability scotmg s used
mstead of maximum hkelihood scoring (Sympson. Wess & Ree, 1982),

Seven versions of the STMIE-B test were sunulated to mvestigate probabilistic item
sequences produced by vandomizing the choice among 1tems The top A consecutive
s with greatest formation woan mformation table’s hist were seleeted and held i a
temporary vector One of these A wems was then seleeted randomly . with each of the
tems having equal /A selection probabilities This randomization among the most
tormative atons with o given st of wn mformation table occurred in the hist closest
to the catrent alnlity estimate Two types of randomization conditions were studied,
which differed m whether the 1/A probability was constant for all 15 test items or
vatted as o function of the order of 1tem administration

Constant Selection Ratios for AH Ttems Administered

(x) 1 F 11 (by 15 15 (¢) 110 110 () 120 1 20 {¢) 110 1 10
Selection Ratios Adjusted Aecordimg 1o Test Length

) T I T AT I B R O () 1w iIg161 12 12

The constant selecnion tatios tematned the <ame for each of 15 ttems adminmstered
{a-e) The fust adjusting selectton ratio strategy () seleeted the fiest item in the test
Crom the best Iive avalable stems me the careent mformation table ist (1 5), the second
wem from fowr (1 1y, the thed from three (1 3), the fourth from only two (1 2), and
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then the fifth through the fifteenth itemrs were each the single most informative item
available (1 1) The sccond adjusting ratio strategy (g) used the first four ratios shown
for the first four items and then used a ratio of 1 2 for the fifth through the fifteenth
items  These adjusting ratio strategies randomize more for early items since they are
most subject to compromise  Randomization decreases as the test proceeds so the
strategy will select more appropriate itemns when the ability estimate is closest to it's
terminal value

Marmmum Information Full Search - Bayesian Scoring {( MI-B ] Each item 1w
selected by a search of the entire bank for the item with the greatest item mformation at
the exact value of the current estimated ability ( 0 ) This exhaustive item-by-item
search is made by actually culculating ttem information for  "on-line™ each time an item
15 to be selected durmg test admmistration  This strategy was created to assess any
effect of granularity in the STMI-B test. where the 6§ continuum was divided into
discrete increments i rounding € to the nearest 125 midpoint. Previous studies using
the MI strategy have emploved maxtmum hkelihvod scoring rather than the present
Bayesian scormg (e g . McNmley & Reckase, 1981, Weiss. 1982).

Stratified Marimum Information Test - Marimum Likelihood Scoring { STMI-ML ).
This strategy employs Bayesian ability estimation until at least one correct and one
mcortece item iesponse have been obtained and, then uses maximum likelihood
estimation for the remainder of the 1tems in the test. Iteins were selected from an
information table calculated over the same .125 wide & increments used for the STMI-B
strategy above This strategy was first used by Sympson, et. al. (1982).

Wetss’s Stradaptive Tesl. This mechanical adaptive strategy uses a pre-sorted item
bank divided into ‘strata’ on the basis of the b-paranieter and then arranges items
within each stratum in descending order of the values of their a@-parameters (cf. Weiss,
1974). There were nine strata in this study, each 0.5 ability units wide, over the range
2295 to +2.25. Items were selected from the top of the stack in each stratum.
Branching to another stratum occurred after each item. branching up one stratum after
a correct response, and down one stratum after an incorrect respounse.

Pcaked Conventional Test This conventional test was designed by selecting the 15
items with the greatest values of information at the central ability value of 0.0. All
simulated examinees were administered this same set of 15 items.

Flat Conventional Test: This test was created by selecting the item with the
greatest item information value at cach of 15 equally distributed ability points over the
imterval -2.0 to -20  All simulated examinees were administered this same set of 15
items. with item difficulty increasing as the test proceeded.

RESULTS

Fidelity: The correlation o fidelity between true and estimated ability ( 74 ) for
the simulated test strategies was based on the normal @ distribution consisting of a
single group of 1900 examnees  All coefficients were based on Bayesian ability estimates,
except the STMEANL strategy which used maximum hkelihood ability estimation.  All
the optimization strategies yield similar fidehties ( Owen’s Bayesian {951}, STMI-ML
{950}, STMI-B {953}, MI-B {.956}). with the Stradaptive test {935} performing
shghtly better than the conventional tests  The peaked conventional test { 893} is lower
than the flat conventional { 922}, since the peaked test does not span the extremes of
ability s the denominator of the fined selection ratio mercases, the STMIE-B test shows
o small decrease in fidelity {953, 655, 952, 951, .936}. but at 110 it pever falls below
the conventional tests  The adjusting ratio STMI-B strategies yield fidelities { both 957
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Veomparable to the T Tand 13 fixed ratios and to the MI-B full search strategy.

Average Test Information: Test wmformation was employed as an index of
precision, or of how well a set of items diserimanates an ability level from nearby ability
levels. the recaiprocal of the square root of information is inversely related to the
standard ertor of an alnlity estimate (Lord, 1980) 1t was used here as a measure of the
appropriateness of the set of tems administered for a given true abihty level. "Test
mformation”™ {Y [(0)} w~ the sum of the mdndual “item information™  {I(0)} values
for the wems adonmistered moan indnadual examimee’s test. The true tem parameters
and true examuee ability were used to compute these test mformation values, which
were then averaged over the 100 examinees at each of the 19 levels of true ability.
Pigure 2 shows the obtained test formation (Lord. 1680) averaged over the 100
examinces ineach of the 19 rectangular @ distribution groups for each test. A peak 1s
shown around 4 0= - 1.25 wlich is owed to the correlation of the @ - and b-paramcl(-r.s
(r, - 5770, 059. r,, - 131 ) The magnitude of the Tab correlation was
very similar to that obtained by Sympson. et. al (1982).
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Figure 2. Average test mformation for test strategies over 19 true ability (4) groups.

The left-hand pandi of Figuie 7 shows the adaptive tests to yield more test
mformation than the two comventional tests over a wide range of 0 |, excepting the
peahed comventional test ot the nartow region atound 07<0. The conventional tests
tepresent one extieme of musmatch, where the same fixed set of iems are presented
regatdless of the location of the examinee on the ability continuum. The Stradaptive
test generally vielded Jess test information than the otier adaptive tests at lower ability
evels beeause it used a miechamical strategy that did not correct for guessing. The 171
STNE-B and STMI-ML tests yielded  the best test imformation overall and  were
practically equivalent to the Ower’s Bayesian test

The right-land panel of Figure 2 shows eight versions of the maximum information
strategy using Bavestan scormg For the five constant ratio STMB strategies { 11,
15 1 10,1 208 110}, test mlormation is degraded monotoncally as the denominator
of the rutio mereases, 1¢. the selection set cluded items farther down in the
information table which iad somewhat lower discriminations, highet guessing and more
mappropriate dificulties  As the rutio changes fiom 11 to 1710, the amount of
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obtained change becomes larger for cach doublmmg of the denominator. Substantial
reductions were produce(l with the extreme 1 20 and 1,40 ratios, and a small but
acceptable degradation in test precision resulted when 1 5 available items was randomly
selected lhloubhout the test.

The remmig tests shown m the nght-hand figure panel all yielded test
information that was approximately the same as the STMI-B 1 1 condition and n excess
of the STMI-B 15 test First. the MI-B condition achieved no more test information
than any other condition. indicating that the 125 wide increments on which the STMI
information table tests were based were ~mall enough to closely appronimate this full
search condition  mecond. the two STMI-B adjusting selection ratio strategies yielded
test anformation approximately equivalent to the STMI-B 1 1 and MI-B conditions
which used no randomization at all.

CONCLUSIONS

This work suggested the following conclusions: (1) The STMI strategy. with
Bayesian ability estimation seems to work about as well as the best adaptive testing
strategies: (2) Predictable sequences of test items can be avorded by modifying STMI so
that items are selected at random from a nearly optimal set of items, (3) As long as that
set 1s small in number. the aduaptive test will not lose an appreciable amount of
efliciency, (4) If the set is small to begin with, and gets progressively even smaller
(through specification of a shrinking set size) the adaptive test is virtually as efficient as
the strategy which chooses the optimal item every time.
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Speeded Tecsts - Can Computers Improve Measurement?
by
John H. Wolfe
Navy Personnel Research and Development Center
San Diego, California 92152-6800

INTRODUCTION

The Armed Services Vocational Aptitude Battery (ASVAB) contains two speeded
tests, Coding Speed(CS) and Numerical Operations (NO). In paper-and pencil mode,
these tests are administered with a fixed time limit and scored by counting the number
of correct responses. Computerized administration of the same items offers several
interesting alternative methods of scoring. For example, one can administer the tests
with no time limit, so that everyone finishes the test, and then measure the time each
examinee used. Greaud and Green (1985) showed that scoring such a test with a "rate”
measure (equal to the number of correct responses divided by the test time) increased
overall test reliability. Computer scoring by rates has two advantages over ordinary
administration: (1) there is no "ceiling" effect for the fastest examinees, and (2) the
scores for the slowest examinees are based on the same number of items as the fastest
examinees, and therefore have improved reliability.

Further improvements in reliability can be expected from measuring the
examinee’s response times for each item, and combining these times into an appropri-
ate total score or scores. As a starting point for proposing alternative scoring functions,
consider the Greaud and Green "rate":

number correct
rate = ————r— (1)
Total Time
By dividing the nemerator and denominator by the total number of items, N, the for-
mula is seen to be equivalent to:
P, P,
—=, 2)
1 i,[. T
Nl:l ‘

rate =

where P, is the proportion of correct responses and 7 is the sample mean of the item
response times, taken over all of the items.

The first method of improving on the formula might be to compute the mean time
for orly the correct responses. If two examinees take the test, and one of them is able
to answer an item wrong twice as fast as the other examinee answers it wrong, it is
not clear that the first examinee should be scored higher on the test. It seems plausible
that incorrect responses should be eliminated from the scoring.

The second modification to the formula would eliminate "outliers™ from the com-
putation of the mean item 2,ponse time. It is not uncommon for an examinee taking a
speeded test to be distracted or pause to ask a question of the proctor. Extraordinarily
long response times should be identified and omitted from the scoring.

One potential problem with computing the sample mean of the item: times is that
the distribution of times iy highly skewed. In general, the sample mean of a skewed
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distribution is not necessarily a good estimate of the population mean. Thus, a third
approach to improving reliability of scoring would be to seek some transformation of
the times that makes their distribution more nearly normal. Some possibilities that have

been suggested in the literature are log?,, \7,, and T To these can be added —11{_— For
t V ]

cach transformation, one can construct a corresponding "rate” measure by computing

the mean of the transformed times and then transforming the mean back onto the time

scale to get a 7 to replace T in equation (2). Thus,

P
ittt = —% 3)
expi— logT,
xPlNE
ratey =P li—]- 4)
T;. ¢ Nl:l T‘
ratey; = 5)
rate y, =P, -Li—l—' : (©6)
\_‘f ¢ Nt:l ‘\[Tl_
METHOD

Eighty-five randomly chosen recruits at the Recruit Training Center, San Diego,
were administered two alternaic forms of Coding Speed and two slternate forms of
Numerical Operations p.esented on Apple /// personal computers. The order of testing
was randomized. The CS tests contained 12 sets of seven items per screen, and the NO
tests contained 17 scts of three items per screen. The onset of a new screen was syn-
chionized to the computer so that stimulus timing began when the electron beam was
in the upper left corner of the monitor. Timing of key presses was measured with a
hardware clock with millisecond accuracy. Pascal software that was used to detect key
presses introduced constant errors on the order of a tenth of a second. Each test was
administered with a 16-minute time limit, which is more than twice the usual time.
This was sufficient for most, but not all subjects to complete the tests.

Outliers were defined as times whose logarithms were morc than three standard

deviations above the mean log time for that cxaminee. Reliabilities were computed for
all responses, correct responses only, and correct responses trimmed for outliers.

Skewness and kurtosis statistics were computed for individual item times in Form
A of the Coding Speed test, along with four transformations of the times. For all tests,
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means of the times and their transformations were computed, and five different "rate”
scores were obtained. Skewness and alternate form reliabilities were computed for the
five means and the five rate scores.

RESULTS

Table 1 shows the alternate form reliabilities of the Greaud and Green rate scores
when all item times are scored, when only correct responses are scored, and when
correct responses are trimmed at the upper tail for outhers. Restricting the scoring to
correct responses appeared to have no effect on reliability, but tnmming outhiers raised
reliability somewhat.

Table 1
Effect of Trimming Incorrect Responses and Qutliers
On Reliability of Rate Scores

Coding  Numerical
Speed  Operations

All Responses 81 72
Correct Responses .80 73
Trimmed Correct Responses .83 5

Table 2 summarizes the skewness and kurtosis characteristics of 84 Form A Cod-
ing Speed item times and their transformations. As expected, the times were quite
skewed, and in addition, had cousiderable kurtosis. Taking logs of the times eliminated
the skewness, and also reduced kurtosis. The reciprocal transformation made matters
much worse. The square root transformation reduced skewness, but not as much as
the logarithms. Taking the reciprocal of the square roots made skewness and kurtosis
worse. From these data. it appears that the log transformation is best, and that the
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reciprocal should not be used to normalize the data.

Table 2
aean Skewness and Kurtesis of 84 Coding Speed
ltem Times and Their Transformations

Skewness Kurtosis
T, 0.99 1.47
log T, -0.03 0.84
t, 1.27 5.50
\T, 0.51 0.62
1NT, 0.64 2.55

Table 3 shows the skewness of five different means and five "rates” based on
these means. Although the central limit theorem merely implies that the means of the
times should be normally distributed within each individual, it is still somewhat
surprising that the mean times, reciprocals, and square roots are significantly skewed
across individuals. Again, the log transformation showed the least skewness. None of
the rate measures were skewed in the Coding Speed tests, and all of the rates were
significantly skewed in the Numerical Operations tests.

Table 3
Skewness of Alternative Scoring Formulas

Coding Speed Numerical Operations
Form A FormB Form A Form B

Mean T, 0.84* 1.46%* 0.93%* 0.52%
Mean log T, 0.14 0.31 0.16 -0.15
Mean 11, 0.64% 0.41 0.56* 0.77*
Mean \[T, 0.48 0.81* 0.54* 0.17
Mean VINT, 0.21 0.08 0.20 0.46
K PsMean 1)) -0.18 0.07 0.52* 0.61%*
— PiExpMean log 7)) -0.13 0.05 0.56* 0.66*
o P(Mean \IT,) -0.00 0.03 0.60* 0.72*
! P J(Mean T)? 017  0.06 0.54* 0.64*
!"‘ P(Mean \NT)* -0.08 0.04 0.58* 0.69%

FadxC

s

P

* Significant at p < .05 by 2-tailed t-test.
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Table 4 is an expanded version of Table 1, in which mean times, mean log times,
and rates based on mean log times are also shown. For all measures, it appears that
restricting scoring to correct responses did not improve reliability. Eliminating outliers
did improve reliability. The log transformation improved reliability if outliers weve ot
trimmed, but not otherwise. Trimming outliers improved reliability if untransformed
times were used, but not otherwise. Rate scores were more reliable than average times
for Coding Speed, but not for Numerical Operations.

Table 4
Reliabilities of Alternative Scoring Functions

Coding Speed  Numerical Operations

All Responses
Mean Time * 76 74
Mean Log Time .79 15
P/Mean Time 81 72
P/Exp(Mean Log Time) .82 75

Untrimmed Correct Responses

Mean Time 74 74
Mean Log Time 78 76
P./Mean Time .80 73
P/Exp(Mean Log Time) 81 75

Trimmed Correct Responses

Mean Time 77 .76

Mean Log Time 78 .76

P/Mean Time .83 15

P/Exp(Mean Log Time) .82 76
DISCUSSION

The results presented in this paper are only preliminary: more subjects remain to
be tested, and additional analyses need to be performed, particularly on the Numerical
Opcrations items. Nevertheless, certain conclusions and directions for future work
stand out:

One successful method for improving reliability is to eliminate outliers. Future
woik should explore this method in more detail. The optimal cutting point for trim-
ming the data is a question that needs to be answered empirically.

Another method that improved reliability as much as trimming outliers was the
log transformation of times. So far, there is no indication that both methods combined
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are better than one of them. However, combining both methods does not decrease reli-
ability, and may inspire greater confidence. In the end, considerations of computational

specd and program complexity may be the determining factors in deciding which
method(s) to use.

In 21l of the work described here, it has been implicitly assumed that the items
are homogenecous in difficulty, and only individual differences have been examined.
The next step in the research should be to examine items, and to develop a model that
encompasses both item characteristics and individual differences in ability. This
approach should be especially useful in Numerical Operations, where addition, subtrac-
tion, multiplication, and division have quite different average response times.

REFERENCE NOTES

Greaud. V.A. & Green, B.G. (1985) Equivalence of conventional and computer presen-
tation of speed tests. Unpublished manuscript.




MEDIUM OF ADMINISTRATION EFFECTS ON
ATTITUDES TCWARD ASVAB TESTING

William F. Kieckhaefer
RGIi, Incorporated

Daniel O. Segall
Kathleen E. Moreno
Navy Personnel R&D Center

BACKGROUND

Computcrized adaptive tcsting is being considered for use in military selection and
classification. Onc research question under investigation concerns whether medium of adminis-
tration affccts examince attitudes toward the current Armed Services Vocational Aptitude Bat-
tery (P&P-ASVAB). Rccognizing the importance of this, the Defense Advisory Committee on
Militz 'y Personncl Testing reccommended that the reactions of examinees to the computerized
adaptive version of that test (CAT-ASVAB) should be systematically collected and analyzed
(Linr, Bond, Britcll, Campbell, Jaeger, Novick, and Uklaner, 1983).

Early rescarchers reported on particular aspects of the relation between attitudes and
computcrized testing. For example, Hedl, O'Neil, and Hansen (1973) showed that less favor-
able rcactions of the subjects to a compuierized test were due to a lack of -~larity in the
instructions and unfamiliarity with computcr terminals. In a rclated study, Walther and O'Neil
(1974) found that subjccts with greater test anxicty or negative attitudes toward computers per-
formed more slowly and made more errors on a test than subjects with lower Ievels of test anx-
icty. Morc recently, Nilles, Carlson, Gray, Haycs, Holmen, and White (1980) supported the
view that computcr usage gencrates anxicty which negatively impacts on user attitudes and per-
formance.

Othcer rescarchers present a different view. Schmidt, Urry, and Gugel (1978) found that
cxaminces completing a computcrized adaptive test had positive aititudes toward it. In a study
on computcr-managed instiaction, Robinson, Tomblin, and Houston (1982) also reported posi-
tive user attitudes.

n More specifically for ASVAD testing, Mitchell, Hardwicke, Scgall, and Vicino (1983)
reported generally positive attitudes of male Navy ceciuits toward taking the CAT-ASVAB.

. Some attitudes corresponded with subjects’ level of cxperience with computers or keyboards.

For example, those with "littic to none” computer experience were more likely to indicate that

computcrized testing was morc 'mpersonzl than paper-and-pencil testing. Subjects with "little

to nonc” kcyboard cxpericnce were gencrally more likciy to express uncasiness about taking a

; test on a computer and to indicate that the computcrized test was more difficult. This rescarch

showed that while computcrized testing may be considered impersonal by some, this perception

¥ docs not imply a ncgative attitude toward computerized tests. These findings were supported in

z the scrvice-wide study of Hardwicke and Yoes (1984).

PURPOSE |

Investigations of uscr attitudes toward computcrized testing can benefit from clearer atti- 1
tudinal itcms and improved experimental designs. Furthermore, little is known about the rela- 1
tion between attitudes toward ASVAB testing and cxamince ability or such background vari-
ables as race and scx. The purposc of this study was to assess the cffccts of the medium of
administration on attitudes toward ASVAB testing. While some rescarch does exist in this
ai:a, this rescarch is still exploratory. Thercfore, the rescarch objectives were to:

(1) Examine the cffect of medium of administration on examince attitudes toward testing;
and
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(2) Dectermine if this relation differs as a function of scx, race, or ability.

METHOD

This is part of a larger study investigating scveral aspects of subgroup differences in
ASVAB testing. While a total of 3,094 Navy recruits were tested under the larger study, only
the data for 619 cecruits tested at the Recruit Training Center in Orlando, Florida were avail-
able at the time of this presentation. Therefore, findings prescated here are preliminary. The
samplc was 6{ ¥ malc and 39.1¢¢ female. Also, 49.4% wcre White, 18.7% werc Hispanic, and
31.7% werc Black.

Test proctors sclected all recruit companics of men and women which began training
between April and Junc of 1985. Then proctors randomly sclected recruits from a company for
testing and randomly assigned them to complete cither the P&P-ASVAB or the CAT-ASVAB
first Thesc were the Medium of Administration conditions. Test proctors collected the back-
ground information regarding cxamince scx and race from cach subject’s enlistment form (DD
form 1966) They also obtained Pre-enlistment scorcs on the Armed Forces Qualification Test
(AFQT) from that form.

After completing the first version of the ASVAB (i.c., P&P or CAT), subjects responded
on a scven-point scale to minc questions presented in a paper-and-pencil format. These were
the dependent variables in the present study. While recruits did complete the other ASVAB
version also, data from the sccond version are not rclevant to this attitude study and are not
reported here.

RESULTS
Re ponscs to cach of the nine attitude questions scrved as the dependent variables in a
three-factor analysis of variance: Medium by Scx by Race. The significance of the AFQT
covariatc was obtained for cach dependent variable. An analysis of covariance was performed
for itcms with significant AFQT covariates.

For cach attitude question, Table 1 shows the number of respondents (N), the overall
mean, and the cell means for significant main cffects in the analysis of variance. Figure 1 dep-
icts the significant interaction cffects involving medium. Table 2 shows cach attitude question
and the distribution of responses. For significant medium cffects, the distribution is shown for
cach group.

Only question 4 had a significant-AFQT covariate. When cntered into an analysis of
covariance, two of the rreviously significant effects were no longer significant: the main effect
of Racc and the nteraction effect of Scx by Race.

DISCUSSION

While these are preliminary findings, six of the ninc attitude questions had significant
main cffects of Mcdium--all favoring the CAT-ASVAB. Those taking the CAT-ASVAB felt

[{:' better about taking the test battery. In addition, they felt less tired, they experienced less eye
- strain, and they thought the test battery wnos shorter. These results are probably due to the
";< fewer number of items required by the CAT ASVAB. In general, the CAT-ASVAB measurcs
‘. the same content arcas as the P&P-ASVAB with about half the number of items.
Furthermore, those taking the CAT-ASVAB felt more relaxed during the test. Perhaps
o this is because they procceded at their own pace while those taking the P&P-ASVAB had
- specificd time hinuts, Also, thuse taking the CAT-ASVAB reported that the instructions were
ot clearer. l+is may be attributable to the interactive nature of the instructions, which included
immediate feedback during a keyboard familiarization sequence and sample questions.
Three questions showed no main cffects of medium. These indictted no differences ?
between administration conditions on anxiety, perceived difficulty of the questions, and per- ‘
o ccived fairness. !
I{ i
i |

6

I S Y P AR R Y AL, L PRI . s UL o SR S0 PR 2 "’-"-"-"-"-"-f“L"-'-"rh’r‘lmﬂ'n‘"“‘i'(“'*"'*'(-mj
oo




- F -

P - IR T T & W w W

Tabie 1
Cell Means for Main Elfects
ltem Attitude N Ovenall Mcdium® Sex? Race*
1 Overall feelings L3y 27 24
30
2 Fatigue 396 35 40
31
3 Anxiety 95 35
4 Question Difficulty 594 39 38 40
40 3s
38
5 Fairness 9 22
6 Test Length 593 40 34
45
7 Pressure 593 30 21
32
8 Eye Fatigue 93 33 34 35
32 32
32
9 Instruction Clarity 593 15 14 1.6
16 14
_ ]
* The order of cell means 1s CAT-ASVAB, P&P-ASVAB.
¥ The order of cell means is Male, Female.
¢ The order of cell means is Black, Hispanic, White.
4 Thin effect was not significant whea AFQT was a covariate.
Question 2: Question 2: Question 4:
Sex X Medium Race X Medium Race X Medium
7 7 1 7
] Quite
Quite | Quite Diffi-g
Rested® Rested cult
51 5
5 Black qelk
Males \\\ Black
\ 1 _‘ . / .
[‘ 41 Mhlt’e\\ 4 Nwhlte
o ] . . Hisp-
Females Hlsézgzi:::EXQ 3 P
3 3 anic
Quite j Quite Quite 2
Tired Tired Easy
17 1 1
CAT ASVAB CAT ASVAB CAT ASVAB
Figure 1. Tnteraction effects with Mediui-,
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Table 2
Distribution of Responses to Attitude Questions
F:_.t-_:____ —
1. Overall, how did you feel about taking the test battery?
1 2 3 4 ] 6 7
extremely  quite slightly neither slightly quite extremely
. good good good bad bad bad
| CAL-ASVAB 16.4% 42.7% 26.3% 9.5% 4.7% 04% 0.0%
P&P-ASVAD- 56% 35.6% 269% 24.1% 53% 22% 03%
2. Overall, how tired did you feel at the end of the test?
1 2 3 4 s 6 7
extremely  quite slightly  neither slightly quite extremely
tired tired tired rested rested rested
CAL-ASVAB: 2.2% 84% 350% 226% 102% 16.8% 4.7%
P&P ASVAB. 53% 19.9% 47.2% 18.0% 43% 43% 09%
l’:‘Z"_. D ImIo ot o 2
I
3. Doring the test, how anxious did you feel?
1 2 3 4 ] 6 7
extremely  quite slightly  neither slightly quite extremely
calm calm calm anxious anxious anxious
|  Overali:® 8.4% 29.6% 11.6% 175% 250% 62% 1.7%
| 4. What Is your opiuion of the difficulty of the questions?
1 2 3 4 5 6 7
exremely  quite slightly neither slightly quite extremely
easy easy easy difficult difficult difficult
Overall-¢ 1.0% 14.5% 20.4% 28.8% 31.8% 35% 0.0%
S. How fair do you feel the test was?
1 2 3 4 5 6 7
extremely quite slightly neither slightly quite extremely
fair fair Jair unfair unfair unfair
Ovcrall:* 22.9% 55.1% 1.7% 9.6% 2.4% 08% 05%

% For compansons with non-significant medium cffccts, the distribution of responses is shown for the combined

CAT-ASVAB and P&P-ASVAB groups




Table 2
{continued)
6. What is your opinion of the length of the test battery?
1 2 3 4 5 6 7
extremely  quite slightly  neither slightly quite extremely
short short short long long long
CAT-ASVAB: 6.6% 17.9% 212% 383% 13.9% 18% 0.4%
P&P-ASVAB: 0.9% 5.0% 10.0% 33.8% 30.0% 138% 6.6%
7. During the test, how relaxed or pressured did you feel?
1 2 3 4 5 6 7
i extremely quite slightly  neither slightly quite extremely
i reiaxed  relaxed  relaxed pressured  pressured  pressured
| cat-asvaB 2126  350% 172%  120%  128% 18% 0.0%
!{ PLP-ASVAB:  103% 298% 176% 16.9% 20.7% 38% 09%
8. During the test, how strained or tired did your eyes feel?
1 2 3 4 s 6 7
extremely quite slightly  neither slightly quite extremely
tired tired tired rested rested rested
CAT-ASVAL 7.7% 17.2% 376% 175% 58% 9.1% 5.1%
P&P-ASVAB  8.2% 22.9% 33.9% 21.0% 5.3% 6.9% 1.9%
9. How clear do you feel the instructions were?
1 2 3 4 5 6 7
extremely quite slightly  neither slightly quite extremely
clear clear clear confusing  confusing  confusing
¢ CAL-ASVAB  68.2% 292% 0.7% 0.7% 1.1% 0.0% 0.0%
P&P-ASVAB  53.0% 41.7% 1.6% 1.6% 0.9% 0.6% 0.6%

The other main and interaction cffects are not so readily interpreted. A cultural bias
hypothesis would favor White males over all other subgroups. Since this result occurred for
only four of the remaining ninc main and intcraction cffccts, these results do not support a cul-
tural bias hypothesis.

When all the data are rcady, analyscs will include measures of computer knowledge and
test performance. Then, studics wil' investigate the rclations between attitudes, computer
knowledge, biographical characteristics, ability, and test performance.
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STATISTICAL PROCESS CONTROLS AS AN ENHANCEMENT TO JOB DESIGN

Steven L. Dockstader
Navy Personnel Research and Development Center

Abstract

The paper presents an argument for adopting statistical
process control as an approach for improving productivity in
organizations. The fundamental problems of resitance to
change are discussed and job changes resulting from SPC are
logically analyzed in terms of job characteristics theory.
It is concluded that performance increases can be expected
from the approach, but whether they are on the ability or
motivational dimension is unclear and should be the subject
of future research

Introduction

The purpose of this paper is to attempt to provide an explanation for
the varying degrees of success found for projects seeking to improve
productivity through changes in quality controls. It is the contention of
this author that productivity derived from quality imprc.ement is the
result of (a) leadership initiatives which support a change in the methods
of quality control and (b) factors intrinsic to the methods which
contribute to both their acceptance and incentive value to the individual.

There are two basic approaches used to achieve product or service
quality. The methods vary on the extent to which the responsibility for
quality is vested in the producer of the product or service or with an
external agent, such as a quality checker. The methods can be described
schematically as follows:

Work Process L3 Product/Service F. >| Delivery

(Measurement)

S—

. ; - . |
II1 | Work Process 'P——;4 Product/Service'“34 Inspection'"51 Delivery l

———— ———— e carmm—— [

Approach 1 will be referred to as the process control approach, while
approach IT1 will be referred to as the product inspection approach.
Proponents of process control contend that it leads to higher levels of
quality and lower costs than the product inspection approach. Sherkenbach
(1984) has argued that greater efficiencies are achieved by the process
control approach because the methods, over time, eliminate the problems in
the (production) system which result in defects. This, in turn eliminates
waste, rework, and the need for inspectors. Juran (1974), in a massive
review of process control work, has pointed out that systems problems
account for the vast majority of cuality defects--as high as 85%--an that
the systems problems can best be dealt with by the process control
approach.
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In the following discussion, Lawler’'s seven sources of resistance will
be considered in turn for the operations of a large aircraft overhaul
facility in the Navy. Although the observations made here are not based
upon empirical data, they have been corroborated by senior managers in that
organization and by on-site research personnel.

1. The process control approach does measure performance in new areas.
In fact, the essence of the approach involves measuring several significant
features about the production process prior to completion of a product or
service.

2. Ultimately many of the personnel who are currently used in the
quality control department will be deployed to other parts of the
organization, or be conducting quality control activities not currently
being performed (e.g., incoming supplies, customer services, etc.). This
displacement and/or retraining of personnel is viewed as a threat by those
in the current quality control function.

3. Quality control standards are usually established by engineers or
quality technicians. 1In the case of process control, however, a fixed
standard has no meaning. Control is defined by taking actions to keep the
process within variability limits which are determined by the process
itself. Because the limits change as a function of improvements in the
system, no fixed standard can be applied.

4. Using the process control approach, the basic data is collected by
the performer. In this sense, feedback is immediate. Furthermore, because
the information gathered is typically a historical record with relational
information on the record (e.g., a control chart), the worker can evaluate
the data and determine what action, if any, need be taken.

5. Whether the data is fed to higher levels and used within the reward
system depends upon a number of factors. The most significant is the
degree to which the worker has discretion to make decisions concerning
corrections to the system. This, in turn, is usually based upon the extent
of the system changes and their costs, but could also be a reflection of
the management philosophy of the organization. This will be considered in
greater detail in a subsequent discussion.

6. This is the "status quo" factor, and it can be said that a change
in the intertial state of the organization will be determined by whether or
not a "critical mass" (Deming, 1985b) can be developed to overcome the
status quo. The state of inertia in most bureaucracies, such as those in
most large bureaucratic organizations, is at steady state and resistant to
change under normal workload conditions.

7. It is difficult to assess this factor. The people most affected by
the quality control system are those in the "production" area. As a group,
they are the largest in number and exert the greatest influence on
achieving the mission of the organization. However, under the current
product inspection approach, they receive the most censure when product
quality does not meet specifications/test. Managers have been of the
opinion that this has led the workers to lose identity with the quality of
their products because someone else has been responsible for detecting it.
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Lawler has indicated that, to the extent that these factors hold for
workers, they will engage in non-productive or even counter productive
behaviors. Using his analysis and the previous discussion, it appears that
the process control approach should meet less resistance in terms of
factors 3, 4, 6, and 7. That is to say that it (a) does not deal with
standards per se, (b) provides feedback information to the performer, (c)
is of greater benefit to most of the workforce than the existing system and
(d) can enhance the self esteem of the worker as he begins to take charge
of the quality of his work.

Of the other factors, only the second appears to be of significant
concern in terms of resistance to change. In the organization under study,
qualiry control is vested in a functional department. While performing
inspections or audits of the work conducted in the production area is not
their only function, it does define their central raison d'etre. 1In
addition, this organization is one of several which reports to a
headquarters. Both the headquarters and the sister organizations contain
quality control functions based upon inspection and audit. Resistance here
would have to be overcome.

Factors 1 and 5 are potentially areas of resistance because of the new
measures and added work required (1) and because the information could be
used to evaluate performance of the workers (5). Neither of these is
necessarily negative, but the workforce is often wary concerning the use of
performance measures. If the management philosophy and the culture of the
organization is one that rewards improvement then there will be little
resistance.

Process Control and Worker Motivation

Our discussion thus far has focussed on the desirability of changing
from product inspection to process control and the nature of resistances in
making such a change. While it appears obvious that such a change is both
desireable and feasible from a management standpoint, what is in it for the
worker? After all, with the exception of some of the existing quality
control personnel, the major job changes will be that of the worker and
perhaps his immediate supervisor. If this change is not seen by the worker
as having incentive value, then it will very likely be resisted.

Job Characteristics Theory (Hackman & Lawier, 1971; Hackman & Oldham,
1976) provides a conceptual framework to evaluate the design of a workers
job to include the process control approach to quality control. The theory
is based upon a plethora of research which has revealed that there are
three psychological states which contribute to worker motivation. These
are feelings of meaningfulness, responsibility, and knowledge of results,
The theory goes on to describe what job characteristics will result in

these feelings. The theoretical relationships can be schematicized as
follows:
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Five Core Psychological Outcomes
Characteristics States
1. Skill Variety Feeling High iatrinsic

~N

Task Identity of
3. Task Significance

4. Autcnomy

—> Feeling of

responsibility
—> Knowledge of

5. Feedback
results

meaningfulness

motivation
High quality work

>

High satisfaction

Low absenteeism
and turnover

——d

Considering each of these characteristics in turn, we can determine the

motivating potential, or incentive,

of the workers job when process control

becomes a part of the job. Skill variety is obviously increased because
the job will now involve collection of data, charting of data, and
reporting process aberraticns. Task identity should increase because
attention will be focussed on aspects of the process which were previously
receiving less formal, e.g., measurement, attention. The perceived
significance of the task may also be enhanced because taking process
control actions should occasion interaction with supervisors, staff, and
managers which would not ordinarily occur. Autonomy will be increased
because quality control actions and responsibilities will now be formally

placed in the hands of the worker.
terms of the things being measured.

Finally, feedback will be immediate in
Feedoack as a result of process

changes will, in most cases, be immediate as well.

From this logical analysis and the model displayed in Table 1, we can
predict the outcomes displayed there. During the course of the forthcoming
year, these hypothetical relationships will be tested in the Navy
maintenance environment. The use of process control as a method to enrich
jobs has not received attention in the empirical literature, but the
aforementioned analysis suggests that it should be an effective way to
motivate workers as well as increase the quaiity of their efforts.

Locke (1980) has indicated that job enrichment has not been effective
in motivating employee performance, when the effects of goal setting have
been controlled. Such a confounding of variables is not expected in the
process control situation, because the demand characteristics of process
control are not upon employee effort, but upon removal of system-generated
variation. Performance increases, then, would probably result from

enhanced ability to perform the job, as opposed to the motivation to
increase effort.

This latter point begs the question of whether employee motivation
could be at all affected by adopting the process control approach,
Lawler’s (1976) discussion of expectancy models of worker motivation would
suggest that, in the absence of extrinsic rewards for quality improvement,
the motivational impact can only be derived from (a) the E->P probability
or (b) or the valence associated with outcomes other than extrinsic
rewards. From our logical analysis above, it is not clear which of the
two, or some combination of both could account for changes in the
motivating potential of a job enriched by inclusion of process controls for
quality. These questions will be addressed in future research.
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A GROUP WAGE INCENTIVE SYSTEM:
DESIGN AND IMPLEMENTATION ISSUES

Deborah A. Mohr
Navy Personnel Research and Development Center
San Diego, California 92152-6800

INTRODUCTION

In an effort to improve performance and reduce costs in a
naval shipyard, a group wage incentive system for production
workers was developed, implemented, and evaluated. The system
was designed to improve performance efficiency without
negatively affecting schedule adherence, product quality, or
workers' job attitudes.

This project was part of a continuing research program to
investigate the effects of wage incentive systems in Navy
industrial facilities. Previous projects evaluated the effects
of performance contingent reward systems (PCRSs) with a variety
of civil service employees: key entry operators, small purchase
buyers, and aircraft engine mechanics. Under a PCRS, employees
earn cash bonuses (incentive awards) for work performed above
established standards. The more performance exceeds the
standard, the larger the bonus. PCRS rewards are paid through
existing award programs, are recurrent (being accrued as often
as performance exceeds standard), and are in addition to
employees' base salary.

The present effort differed from previous projects in that
awards were based on measures of group performance. Shipyard
oroduction workers typically work together in teams (called work
gangs) of 10 to 20 employees supervised by one foreman. Thus, a
PCRS based on measures of group performance was more appropriate
than one based on individual performance measures.

INCENTIVE SYSTEM OVERVIEW

The performance measure used for this system was one of

performance efficiency. It was calculated by dividing the
manhours allowed to complete a work gang's jobs by the manhours
actually expended to complete the work. Thus, when work is

completed in exactly the time allowed for that work, the work
gang's performance efficiency, called a performance factor (PF),
is 100 percent. When work is completed in less time than the
allowance, the gang's PF will be greater than 100 percent and
manhours will be saved. Both inputs to this measure (manhours
allowed and expended) were routinely collected by the shipyard's
management information system (MIS). Prior to implementation,
the shipyard MIS was further enhanced to provide more accurate
performance measures and to provide monthly automated incentive
award calculations and continual award tracking.
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Under the shipyard's PCRS, work gangs were eligible for
awards whenever they saved manhours by completing their jobs in
less time than the manhours allowed for those jobs. The value
of these saved hours was shared with employees in the form of
incentive awards. The work gang's saved hours were distributed
to members based cn each worker's contribution to the workgang
(his or her share of the gang's total work hours). Based on the
50 percent sharing rate used during the system test, half of the
cost savings associated with a work gang's manhour savings were
paid out to gang members as incentive awards. The remaining 50
percent was retained by the shipyard. The actual value of each

saved hour was based on the employee's accelerated hourly wage
rate.

A similar incentive system was established for shop foremen
in which all foremen comprised one group eligible for awards
whenever performance of the entire shop resulted in manhour
savings. In addition, to encourage foremen to work together to
help the shop improve, each foreman received a one-~time bonus of
$125 the first time the shop's PF exceeded 100 percent.

Because the shop selected for test of the incentive system
historically spent many more manhours to complete its work than
were allowed, few work gangs would save manhours and earn
incentives at typical performance levels. Since incentive
systems do not motivate employees to improve performance unless
they believe it's possible to earn awards, shipyard managers
decided to adjust all performance measures upward by 10 percent
for the purposes of subsequent award calculations. Thus, work
gangs actually accrued manhour savings whenever their PF
exceeded 90 percent and foreman earned awards whenever the
shop's PF exceeded 90 percent. Despite this adjustment, the
incentive system rewarded employees for performance improvement.

IMPLEMENTATION

Prior to implementation of the test system, a shipyard
instruction was issued documenting the incentive system and
specifying responsibilities during the test period. A senior
military officer was assigned as project manager and a general
foremen within the test shop served as system coordinator. An
agreement was negotiated with the local union and approval was
obtained from the appropriate headquarters commands. Finally,
employees and supervisors in the test shop were given training
to assure their understanding of the enhanced performance
measurement system and the group incentive system. The PCRS was
then implemented for test in Shop 31, the shipyard's inside
machine shop. Shop 31 is one of 17 shops at the shipyard and
employs approximately 480 wage grade employees and 23 foremen
assigned to 18 work gangs.

68

.......... . 5 DO . .. S/

| . . WS S




— W

e

A I T &

~ SEE i RY SUL g o |

RESULTS

During the 19 months of the system test a total of $177,000
was earned by employees. Sixteen of the eightcen work gangs
(comprising 89 percent of shop employees) earned awards. of
those employees earning awards, the average total earnings
during the test period was $419. (Total earnings ranged from $1
to $2488.) Foremen earnings averaged $237 for the 2 months
that the shop's performance factor exceeded 90 percent.

Evaluation of the incentive system test revealed that the
program produced a significant increase in the shop's
performance efficiency (see Figure 1). For analysis purposes
the 19 month test was divided into two phases: Incentive Phase
1l consisted of the first 8 4-week incentive periods and
Incentive Phase 2 consisted of the remaining 11 4-week incentive
periods. The shop showed a 7.5 percent improvement over average
baseline performance during Incentive Phase 2 (an improvement
from 91.4% to 97.6%). During the first incentive phase, the
shop maintained its baseline performance despite a severe
workload reduction (performance averaged 89.0%). Two comparison
shops (see Table 1) showed substantial performance decreases
during the same time, although their workload reductions were
less severe than that of the test shop. Since the end of the
19-month test, the test shop has maintained its improved
performance. As expected, implementation of the system did not
cause any negative effects on the shop's schedule adherence or
product quality.

Participants' job attitudes and evaluations of the
incentive system were assessed during the test. Although
recognizing certain problems related to system operation
{particularly the effects of the workload reduction), 80% of
those expressing an opinion favored continuing the incentive
system. No positive or negative effects on workers' Jjob
attitudes (e.g., job satisfaction and job stress) were found.

A cost savings analysis revealed that the net cost savings
due to improvements over baseline performance during the system
test exceeded $600,000. If similar res.lts occurred following
expansion of the system to all other production shops, the
shipyard could realize net cost savings of approximately
$6,794,000 annually.

The shipyard realized a number of concurrent positive
outcomes from the system test, including improvements in shop
practices and initiation of management actions directed towarad
resolving productivity impediments. Foremen began taking
greater care in preparing employee time cards, correcting labor
mischarges, and reviewing work documents before beginning jobs.
As a result of the interest in improvement engendered by the
incentive system, a number of productivity impediments were
highlighted during the test. These impediments were not new.
Rather, they were long-standing shipyard problems that became
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more salient when money was tied to performance. The incentive
system provided the impetus to attack these problems and as a
result a shipyard-wide problem-solving team was established and
successfully resolved a number of these issues.

IMPLEMENTATION AND MAINTENANCE ISSUES

Throughout this effort, various issues surfaced that
revealed the complexity of designing and implementing
productivity improvement systems in real organizations. While
the success of the test system indicates these issues can be
effectively resolved, nonetheless, some important conclusions
can be drawn from this project.

Several issues arose during the design of the incentive
system. The decision to develop a group system was a logical
result of analysis of the shipyard's work settings.
Implementation of a typical incentive system (most likely based
on measures on individual performance) would have been
inappropriate and quite possibly ineffective. Managers
considering a PCRS should realize that no standard system

exists. The PCRS must be designed to fit the organization and
its priorities.

A number of incentive system parameters had to be specified
in the design phase, as well. These included: the incentive
level (the performance level at which employees were eligible to
earn awards), the sharing rate (the proportion of cost savings
shared with employees), and the savings distribution method (the
way savings were shared among work gang members). As discussed,
the incentive level was dropped to 90 percent in the belief that
this level would be seen as attainable by workers and that it
would improve the motivating potential of the system. The 50
percent sharing rate used in this test was selected because it
was the maximum allowable by federal regulations and because it
was likely to be perceived as fair to both employees and the
organization. Distribution of savings based on worker inputs
was used to further strengthen participants' perceptions of
fairness. These design parameters can be assumed to have been
effective based on the favorable results of the test period.
However, there is no way to determine if different parameters
might have been substantially more effective. Little research
has been done to investigate the effectiveness of different
levels of these parameters (e.g., a 20% vs. a 50% sharing rate)
or the situational variables that require parameter changes.

During the implementation and maintenance phases,
additional issues arose. Primary among these was management's
relationship to the incentive system. The success of
organizational change efforts such as incentive systems is at
least in part contingent on active support from management. A
high degree of commitment to the program is necessary before and
after implementation, commitment involving more than just verbal
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support. It is difficult to implement effective changes when
either top management or those expected to implement change are
unsupportive.

During the test of the incentive system, the shipyard
experienced a rather significant workload reduction. This
appeared to have precluded performance improvement until the
shop's staffing level was brought into balance. Workers are
unlikely to improve their productivity if, by so doing, they
believe they will risk their jobs. 1In implementing performance
improvement programs, managers must continually address the
balance between workload and staffing within the organization
and must develop means to capitalize on the effects of resulting
improvement.

Tying money to performance highlighted a number of long-
standing shipyard problems that were subsejquently addressed by a
problem-solving team. The importance of tapping this increased
interest in performance improvement cannot be overestimated.
Many shipyard managers believed that the incentive system's
major benefits were in encouraging supervisors to do their jobs
and in focusing efforts on resolving productivity impediments.
Such auxiliary benefits of incentive systems should not be
overlooked.

Finally, the issue of incentive system expansion surfaced.
To continue to run a test system in only one shop is not
feasible. With proven cost savirgs resulting from performance
improvement the next logical step is to expand to other shops.
Managers must carefully consider how and how far to expand a
successful incentive systemn. During expansion, care must be
taken to adapt the system to other sites and to continue to
monitor its effectiveness. Managers should also consider means
to include production support and other indirect workers in such
incentive systems.

Although there are a substantial number of complex issues
that must be faced in developing and implementing wage incentive
systems, their proven effectiveness indicates that such efforts
are worthwhile. Further research to identify effective design
parameters, the increased use of automation to support wage
incentive systems, and the benefits that can be derived from
additional experience with these systems will help to limit the
effort required to design and implement wage incentive systems
in the future.

The opinions expressed in this paper are those of the author and
should not be construed as official or as reflecting the views
of the Department of the Navy.
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Performance and Workload Trends For Three Key . >duction
Shops Nuring Baseline and Two Incentive Phases
Performance Factor (PF)

. a . M b . c
Baseline” Incentive Phase | Incentive Phase 2
Average Average % (Change Average 9% Change

Shop pr! PF From Baseline PF From Baseline
31 .867 .853 -1.6 926 +6.8
38 .696 .682 -2.0 716 +2.9
56 .780 J74 -.8 792 +1.6
Workload: Average Man-day Allowances per 4-week Perlod
_Basceline Incentive Phase | Incentive Phase 2
Average Average % Change Average % Change
Shop Man-days Man-days  From Baseline Man-days From Baseline
3l 8281 5559 -32.9 5952 -28.1
38 7877 7250 - 8.0 7408 - 6.0
56 7913 7816 - 1.2 7935 + .3

3yasehine: 10 January 1983 - 14 July 1983,
bln(‘enlive Phase 1: !5 Tuly 1983 - 27 January 1984,
CIncentive Phase 2: 28 January 1984 - 30 November 1984,

d,. s e
Figures represent the average PF within each tine frame.
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ABSTRACT

A goal setting program was implemented in an Navy industrial organization that used engineered pecformance
standards. Results indicated that workers whose baseline performance was below standard set more difficult goals
and improved their performance more than high performing workers. Discussion centered on the role of context in
influencing gos] setung effectiveness in Navy organizations.

BACKGROUND

There is growing concern in the United States with what has been labeled the "U.S. Productivity Crisis” (Newsweek, 1989).
This crists 13 manilested in the declining rate of growth in the output per hour of labor. The United States fimshed well behind
six other industrial nations in productivity increases from 1968 to 1978 (Bureau of Labor Staustics, 1979). Within the Navy,
concern over worker produclivity has created increasing interest in productivity improvement at all levels of the organization.

Traditionally, productivity programs in both the military and civil’an sectors have centered on technological inprove:nents
and capital avestinents, Whi e the importance ol these hardware-oriented approaches 1s obvious, there 1s 3 growing body of
organizational hiterature that suggests that signilicant productivity improvements can be realized through improved worker
motivation (Greiner, Hatry, Koss, Millar, & Woodward, 1981). Several diflerent techniques have been investigated, including
autonomous work groups, 1od restructuring, participative management, and monetary incentive systems, Each of the above
agproaches has been shown to have merit under diflering circumstances (Cummings & Molloy, 1977; Patten, 1977),

Goal Setting

Goa! setting 13 an area o! vrganizational research that seems to be especially prommising 1n terms of enhancin} worker
motivation and performance. Research has shown that goals are a major source of work motivation (Mitchell, 1979). Lilewise, a
recent review of lield stuc:es using goal setting techniques found a 16% median imprcvement in worker perlonmance (Locke,
Feren, McCaleo, Shaw, & Denny, 198G, Based on the results ot a number of highly successful lab and field studies, goal setting

has been called "3 simple, straightiorward, and highly e{fective technique for motivating employee performance” (Latham &
Locke, 1979, p. 80).

Shile 1t 1s clear that goal setting can be an effective motivatioral technique, we feel that comparatively little study has
been directed toward careful invest:gation of the possible limitations of the 2pproach. There are very likely no panaceas in any
field of applied science (Locke, Sirota, & Wolfson, 1976). As such, it would seem that goal setting theory is subject to boundary
umitations regarding to whom it applies and where it works best (Miner, 1980). The current study addressed this issue by
examining the effectiveness of goal setting in an industrial organization that made extensive use of engineered performance
standards.

The use of task standards i3 an outgrowth of the basic tenets of scientific management (see Taylor, 1967). These standards
represent the time a trained employee working at a normal pace would be expected to coiaplete a given task., They are usually
based on time and motions studies or on historical performance trends, Within many industrial organizations work standards have
been established for most production jobs. While these standards are used for advance cost estimates, manpower projections, and
other planning requirements, they also serve another imphicit function—they establish acceptable performance levels for workers
(Maynard, 1971). In this sense, a standard 1s a goal for workers to try to achieve {Locke, 1978),

If achieving standards represents an acceptable performance level, then industrial organizations that make extensive use of
task standards may encounter problems in implementing goal setting programs for workers. The basic proposition of goal setting
theory states that there is a positive relationship between the difficulty of an accepted task goal and fevel of performance on the
task (Locke, 1968). Considerable research has shown that hard, specific goals (if accepted) result in performance iinprovements
(Locke, Shaw, Saari, & Latham, 1981). Pecformance standards certainly deline specific goals; however, they may not always be
dilficult. While performing at standard level may be challenging for employees with low ability and work motivation, 1t wouldn't
represent a challenging goal for 3 motivated and highly skilled employee.

Goals Versus Current Performance Levels

The objective of goal setting 13 to establish specific, challenging goals for all workers. Individuals are ercouraged or
tequired to have dilferent goals dependent on their current performance level. The problem with goal setting in an organization
using industrial standards is that the organization 1s sending mixed messages. The supervisor is trying to establish a challenging
goai or the worker (often above standard performance level) while the organization has previously defined standard performance
as acceptatle,

One means of possibly reducing the above problem s for the supervisor to assign goals. The supervisor could then set goals
based on current performance independent of existing standards. Research has shown that «f goal difficulty 15 held constant,
equal gcal acceptance and performmance improvements: are obtained regardiess of whether goals are assigned or set
participatively (Dossett, Latham, & Mitchell, 1979; Latham & Saari, 1979; Latham, Steele, & Saari, 1981). However, there is
some evidence to suggest that when both participative and assigned goals are set independently, participative goal setting may
resuit 1in more difficult goals (Latham & Yukl, 197 %o; Latham, Mitchell, & Dossett, 1978). However, given the current state of
knowiedge, 1t would be difficuit to predict which method would be more effective in organizations with existing performance
standards. Also, regardless of the method used, 1t is not certain whether or not workers would set or accept goals above
standarc.

While the best means of setting goals remains unclear, thers is one sub-group of workers who might be expected to improve
more as the result of & goal setting program in an industrial organ:zation — low performers. Individuals who are currently
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perlorming below standard are not faced with conflicting messages when goals are established by or aith the supersisor. In
ad2ition, 1t is possible that high perforrers are more .ikely to understand task requirements and have personal performance goyv's

than are low performers. Thus, .t seems reasonable to expect a goal setting intervention with production workers to have its
greatest impact on low performers.

One recent study supports this contention for nonproduction workers. Pritchard, Bigby, Beiting, Coverdale, and Morgan
(1981) found that for data transcribers, goal setting and leedback had a positive 1mpact on poor perforiners but no unpact on
820d pzriormers. They argued that since the treatment was designed to increase motivation, and since the good performers were
probably already motivated, the treatment had little impect on them.

The purpase of the current study was to examine the impact of goa) setting and feeddack on the performance ol Navy
industrial employees working within the context ol existing performance standards. [t was hypothesized that low performners
(workers historically performing befow standard) would have more difficult goals and would show grester performance
impravements than high performers (workers historically performing at or above standard).

METHOD

The engine division of a Naval Air Rewcrk Facility (NARF) secved as the research setting for the study. Production workers

in this division were involved in the overhaul ol aircraft engines, components, and accessories. They were all civil service
employees, predominately male, and most had a high schoo! education.

Prior to the goal setting intervention, assigned tasks included a description of required work and the time allocated for the
work (1.e., the performance standard). However, although workers knew how well they performed on individual tasks when they
completed them, they were not provided with any summary feedback of their performance on all work du~ing & given timne
period. Since {eedbick has been shown to be a necessary condition for goal setting to be effective (see Locke et al., 1981), it
was {irst necessary to design an individual work measurement and [eedback system.

A computerized system was develop=d to measure individual level perfcrmance using the existing NARF management
information system. A weckly report was then generated for each employee providing periormance feedback for the previous
week, The performance measure was based on how well workers performed against standard and was calculated by taking the
ratio of time expended on tasks in 3 given week to the total standards earned in that same week. This ligure was then multiplied
by 103, Thus, a rating of 100 meant that an individual completed all work within the standard time allocated. Ratings higher
than {00 indicated performance better than standerd and those lower than 100, perfonnance befow standard.

Twenty-two production shops in the engine division were included in the study. Each shop was supervised by its own

foreman. Eleven shops were selected for the goal setting treatment and the remaining i1 were used as a comparison group. All
shops were both spatially and structurally distinct subunits,

The 11 experimental shop loremen were trained in the use of the new worker feedback reports and in goal setting; six were
trained to assign goals to subordinates while the remaining five were trained to set goals participatively with subordinates. The
foremen were asked to arrive at different goals for different subordinates based on the worker's ability, motivational level and
current performance. The foremen were inttially resistant o the notion of setting challenging goals for workers who were
alreaoy perlorming at or above standard. They {elt that these employees were currently doing more than should be expected of
them. However, the foremen agreed to proceed and give the program a fair chance.

. The {1 foremen in the experimental groups met individually with their subordinates to either assign a challenging
periormance goal or to arrive at such a goal participatively. In addition to receiving the weekiy perlormance report, workers 1n

the goal setting shops met with their foremen individually every 2 to 4 weeks to discuss progress towards their goals and possible
work problems.

An |8-week period prior to the beginning of goal setting and feedback v as used to establish a baseline Jeve} of performance
fcr both the expenimental and comparison workers. The 22.week perior after program implemetation was used to assess

program effectiveness. Sixty-seven workers participated in setung their godls while 57 were assigned goals. The comparison
shops were composed of 117 workers.

The weekly employee performance data were aggregated to form single pre- and post-trze-ment performance scores for
each worker, Reliability coefficients, computed on the weekly perforinance measures {or the baselne period, indicated that the
data were sufficiently reliable for use as overall performance measures (coefficient Alpha =.75),

Research has shcwn that objective measures of goal difficulty are often better predictors of performance nnprovement than
subjective measures (Yukl & Latham, 1978). For this reason, goal dilficuity was operationalized as the diflerence between an

individual's baseline performance score and his/her goal. This measure of goal dilhiculty oilowed for the partial control of
baseline individual differences in ability and motivation.

RESULTS

General Results
The intial analyses examined all workers independent of their baseline performance.

Manipulation check. In order to veri{y the treatment conditions, workers in both the assigned and participaitve groups were
asked to respond on a -point Likert scale how much influence they had in setting their goals {1 = a lot of say; 4 = no say).

Individuals 1n the participative condition {X = 1.3 reported signiticantly more intluence {p<.0!) than did workers in the assigned
condition (X=,3.0)

Performance Change. The mean performance levels for workers in the treatment and comparison groups are presented in
Table i. A test for homogeneity of regression coelficients yielded no signilicant differences across the groups. Therelore, an
analysis of covariance was used to contrast the experimental and comparison groups with the baseline performance measure as a
covariate. A sigmticant main effect was found {p ¢.01) indicating differences in treatment performance leveis across the
groups. Follow.up tests indicated that both the assigned goal setting group (adjusted X = 108.3) and the participative group
(adjusted X = 106.2) were signilicantly higher (p ¢.05) than the comparison group (adjusted X 2 101.7). There were no significant
differences between the two goal setting groups during the baseline or treatment periods.
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Table |

Mean and Adjusted Performance Efficiency Scores

Mean Performance Ef{iciency

Performance
Baseline (B) Test (T Change Adjusted®
Group Period Period (T -8) Test Period N
Comparison 99.3 102.4 2.9 101.7 ¢ 1Y,
Experimental 97.3 106. 4 +8.9 07,1 ° 124
Assigned goals 9.3 108.9 +9.6 108.3 ¢ b
Participative goals 9.0 1068 o3, 106.2 € 67

SAdjusted to control for differences in baseline period performance.

bl‘-‘or the analysis contrasting the comparison and combined experimental groups, covariance F = [1.7, p«.00).
SFor the analyss contrasting the comparison, assigned goals, and participative goals groups, covariance F = 6.2,
p<¢.il.

Goal difficulty. A significant correlation was found beiween objective goal difficulty and degree of performance
unprovement {r = .40, p<.001). No difference was found between the average level of goal ditficulty in the participative group
(X = 8.1) and the assigned group (X = 11.0}, This finding 1s consistent with the earher finding indicating no ditference in
performance between the two groups in the treatment period. One interesting finding did emerge as to the actual goals set in
tne two groups. Seventy-three percent of the parucipative workers had a goal of 100 {or standard level of performance) whereas
only 3% of the assigned workers had a goal of exactly 100. This distribution of goais at or different than 100 across the two
groups was statistically sigmficant (Chi Square = 30.2, p<.091). It thus appears that workers who had some influence in their
choice of goals preferred a goal equal to existing organizational standards.

High Versus Low Performers

Workers in the experimentsl and comparison groups were divided into two categories based on their level of performance
during the baseline period: (1) high performers were .ndividuals whose average per{formance during the 3-week baseline pericd
was at or above standard (1.e., 100), and (2) Jow performers were individuals whose average performance was bejow standard.

Performance change. The mean performance levels for high and low performers by different treatment groups are presented
in Table 2. Two repeated measures analyses of variance were performed--one for experimental high performers and one for
experimental low performers. No main or interaction eflects were found for high performers indicating that there was no
performance improvement in either the assigned or participative conditions. On the other hand, a main effect for time period
was found for the low performers {p<.0l), indicating that low performers in both the assigned and participative conditions
sigmiicantly improved their performance as a resuit of goal setting.

Table 2

Mean Performance Etficiency Scores for
High and Low Performers

Baseline Test Performaance Adjusted
Group Period Period Change Test Period N
High Perlormers
Experimental 114.0 113.3 R nra ® 5
Comparison 11.2 1.1 -1 12.5° 52
Low Performers
Experimental 8.5 96.3 2.8 98.3 ¢ 67
Comparison 90.1 95.4 +35.3 93.5°¢ 63

3The dilference between the test period and baseline period performance scores.
PCovariance F 1 2.8.
CCovarnance F = 6.3, p¢.0X

Because regression towards the mean presented a potential confounding interpretation for the immprovements with the low
performers, analyses of covariance were also performed on these data. A test for homogeneity of regression coefficients
revealed no signmificant ditference among high and low performers across the three groups. Thus, an analysis of covariance was
conducted separately for high and low performers using the baseline performance measure as a covariate. The results were
identica! to those reported earlier. High perlormers in the experimental and comparison groups did not difler while the low
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periormers in the experimental groups (adjusted X = 98.3) were significantly higher (p<.05) than the low performers in the
comparison group (adjusted X = 93.9. Overall, the results suggest than goal setting had a positive impact on the performance of
low performers and no effect on high performers.

Goal difficulty. One factor that could explain the different effects of goal setting on low and high performers 1s goal
difliculty. It was proposed that low perfonners would set {(or be assigned) more dilficult goals relative to their baseline
performance level than would high perfoemers. The results relevant to this hypcthesis are given in Table ). The mean goal
difficulty level for all the low performers (1 3.8) was signiticantly greater (p< .001) than the mean level of goal dilficulty for high
performers (-.4). On the average, high performers had goals that were slightly lower than their baseline performance level,
whereas low performers had average goals that were approximately 16 points above their baseline performance Jevel.

Table )

Mean Goal Dufficulty, Goal Acceptance, and Performance
Change for Experimental High and Low Performers

Expersmental Mean Goal Mean Perforinance
Group Difliculty Change N

High Perforners

Assigned 3.0 +3.7 7
Participative =3.3 3.1 30
Total - .4 4.3

Los Perlormers

Assigned 16.7 +13.0 37
Participative 15.9 +12.6 37
Total 15.8 +12.8 67

Analyses were also undertaken to compare goal difficulty for assigned and participative workers. Results indicated that
mean goal difficulty was signficantly higher (t = 2,54, p<.05) for high performers who were assigned goals {3.9) than for high
performers who participatively set gosls. Indeed, high performers who participatively set goals had an average goal that was
inore than live points below their baseline performance. No signilicant difference was {found between the mean goal ditficulty
level of poor performers in the assigred (16.7) and participative {13,0) conditions.

Because the results indicated that @ number of workers had negative goals (e.g., goals that were lower than their basehine
performance), additional analyses were performed to assess the relation of positive and negative goals to performance change.
Results indicated that 51% of the high performers (N = 28) had goals that were lower than their baseline performance whereas
only 5% of the low performers (N =z 3) had negative goals. Seventy-{ive percent of these high performers with negative goals (N
= 21) were in the participative condition. A significant positive correlation was found between goal difficulty and performance
change for low performers with positive goals (r = .41, p£.001). However, no significant relationships were found for high
perlorners with either negative or positive goals, although the correlation for the later group was marginally significant (r = .27,
p< .12, Also, the performance change scores for high performers with positive goal (X = 8.1) were higher than those for high
performers with negative goals (X = .5), although this difference was only marginally significant (p< .10). These findings suggest
that goal setting was somewhat successlul for high pecrformers, but only if they had goals higher than their baseline
performance.

DISCUSSION

These findings provide support for Locke's {i968) goal setting theory, although they also suggest that goa! setting
etf{ectiveness may be contingent on contextual factors., First, there was a positive relation between goal dilficulty and
performance improvement; however, this relationship only held for workers whose goals were higher than their baseline
performance. In addition, consistent with the hypothesis concerning low performers and an earhier study by Pritchard et al.
(1981), goal setting was more effective with low performances than with high performers. This differential impact was
teflected both in terms of greater goal difficulty and more performance improvement,

The goal setting process appeared to be affected by the NARF's use of engincered performance standards. This is supported
by the lower mean goal difficulty level for high performers (relative to low performers) that occurred both when goals were
assigned and participatively set. Assigned goal setting did result in more difficult goals for high performers than did
participatize goal setting; however, this difference was not reflected in significant differences tn the degree of performance
improvement for the two groups. The large proportion of goals that were participatively set at 100 (standard performance level)
also suggests that organizational task standards can influence the goal setting process, Workers may have feft tha: 100% was
the most reasonadble goal for the organization to expect them to achieve--independent of their baseline performance. With the
exception of these findings, participative and assigned goal settings yielded virtually identical resuits. This is consistent with a
large number of lab and field studies (see Locke et al., 1981). The failure to find more dilficult goals set in the farticipatively
treatment grbups may partially reflect the role of context. Where workers had some influence over their goals, they often opted
for what they considered to be fair (i.e., standard) rather than what they felt would be chalienging,

Some caveats seem in order. First, the sample size was not large, especially when it was broken down into subgroups.
Second, the characteristics of the work force may have played an smportant role. Navy production workers have more job
security than most private sector industrial employees. Thus, these workers may have f{elt inore latitude in choosing negative
goals. Finaily, goal setting effectiveness was only assessed over 5-1/2 months. There 1s some evidence to suggest that goal
setting effects are not sustained over longer time periods (see tvancevich, 1976).
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Overall, the results of this study support the general contention of this paper. Goaf setting is an effective motivational
technique for Navy production workrers but is subject to contextual constraints. In this sense, it has both potential utility and
potential problems. There are hmitations as to conditions where goal setting works best 7nd for whom 1t works best (Ivancevich,
1978). There 13 a need to follow Latham and Yukl's (197 ) suggestion that future research in goal setting begin developing more
of a contingency framework. This study was one step in that direcuon.
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THE DETERMINANTS OF GOAL CHOICE, WORK MOTIVATION
AND TASK PERFORMANCE

James A. Riedel
Delbert M. Nebeker
Navy Personnel Research and Development Center
San Diego, California 90152-6300

Background

In many organizations goal setting has been found to be a powerful technique for influencing work motivation and
perfornance (Locke, Feren, McCaleb, Shaw, and Denny, 1980). While the positive effects of goal setling on woarker productivity
have been deinonstrated repeatedly, a major weakness of this approach is the failure to specify the process by which goals are
set. The central argunent of this paper is that the process of goal choice may be central to understanding the relationship
ainong organizational context, goal setting, motivation and perfonnance.

With few exceptions, there has been little research dirccted toward undesstanding the deterninants of goal chaice,
acceptance, and comninitinent (Steers & Porter, 1979). This is unfortunate ecause goal setting does not take place independently
of the work place; reward systems and other work setting characteristics comne together to affect goal choice, acceptance, and
commitinent (Crawford, 1982). Some investigators, however, have atteinpted to use an expectancy theory model to explain goal
choice and acceptance. For example, in both laboratory and field settings goal acceptance has been reliably predicted using
expectancy and valence measures (Dachler & AMobley, 1973; Mento, Cartiedge, & Locke 1980; Stcers, 197 5. In a related line of
research, expectations of success and the value placed on the outcomnes of goal attaininent were found to be the principal
deteriminants of “level of aspiration® (Frank, 194l; H.:gard, 1992/1958). These two factors are highly related to the core
concepts in expectancy theory: expectancy and valance (Vroom, 1964).

In addition to a limited understanding of how people set goals, the relationship between goal setting and other motivational
techiiques s wiclear.  This, in part, inay be duc to the fact that there has been little integration of goal setting with
notizational theories. The role of motivational techmques, such as monctary incentives and goal setting, in work motivation and
performance is one of the inost underresearched and poorly understood areas in organizational behavior (Opsahl & Dunnette,
1966; Lawler, 1981).

The need for a better understanding of the process of goal chaice is evident. This process inay provide insight mnto the
relationship ainong goal setting, organizational context, inotivation, and perforinance. Also, this process, if linked to inotivation
theory, shonld help to clarify the relationship among goal sctting and other motivationai techniques, such as monetary incentives.
The purpose of this study s to offer a preliminary model of goal choice, wark motivation and performance. This model is
presented in Figure 1. As a preliminary test of 1ts validity, selected elements in the model will be exammed to determine 1ts
uscfulness as an explanatorv device,
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Figure 1. A Model of Goal Choice, Work Motivation, and Performance.

Work Motivation Model

Based on expectancy theory concepts and processes, the model shown in Figure | explains work motivation and performance
as a cognitive process where an individual chooses, tromn alternative perforinance goal levels, the level perceived to be nost
attractive. This perception of attractiveness is based on various beliefs and feelings a person has regarding the likelthood that
performing at certain levels will lead to particular job outcomes. Contextual factors, such as the opportunity to earn monetary
ncentives for good performance, will influence these beliefs and feelings. The hypothesized effect of the perfonnance goal 1s to
influence the amount of effort a person is wiling to expend in accomplishing the goal. Furthermore, an individual's self-
assessinent of ahility as well as actual ability are presuined to moderate the relationships among performmance goal, effort, and
performance. Since in this inodel the goal concept is a inajor deterininant of effort and perforinance, it i1s crucial to understand
how people choose their perforimance goals.
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The model suggests that contextual factors inlluence vatence, an individual’s anticipated satisfaction with particular levels
of different job autcomes, and instrumentality, the expectancy that different performance jevels are associsted with different
outcomes. Contextual factors also affect expectancy, a person's belisf concernung the hkelihood of achieving a particular leve}
of perfornance if they tried their best. Valernw e and instrumentality combine ultiplicatively to deterinine perlormance
valence, Pertonnance valence 13 3 hypothetical construct that represents the anticipated satistaction of perfotming at a gisen
level of poeformance. The anticipated satisfaction for a given perfonnance level is derived {ron its degree of assoriation with
prtieular job outcomes and the valence of thows jub outromes to the indinidual, Performance valenre cormtanes inultiphiratively
with expectancy. Thas product becomnes the perception of attrac tiveness for cach perfornnance level. In essence, each possible
level of task perfonnance acquires valence through its assoration with certain job outcomes and the antiripated satisfaction
associated with these outcones. This perlorinance valence 13 then modified by a person's oeliel concerming the likelihood of
achieving that level of perforimance given his or her best eifort. The result 13 a perception of attractiveness for each level ot
pritotingice,

The model specilies that goal choice 1s based on a person’s evaivatian of the relatize attractivencss ol various performance
levels. The inodel s flexible in that it accommodates alternative decision strategies (e.g., return on eflort, maxunization, vajue
matching). in this study the return on effort appraach, which asunnes ihat people use an incremnental decision rule in choosing a
gl was used an detennimng the goal choice prediction,  With this approach the model would predict goal choire to be some
meassire teflecting the marginal gan an the attractiveness of perforinance for performing at a particular level, While this
approas h hus heen sirccessfully emnployed to unprove expectancy theory predictions of perforinance (Kopelman, 1977), empirical
eviden e s farkang concermung the relative accuracy of alternative decision strategies. Additional worlk 13 needed to determne
whether the return on effort approach ollers the best representation of the goal choice process.

The remainder of the inode! describes the prov css by whi b perforinance goals are translated into work motization, and the
work motivation ito task performance. The hypathetical relationship of these concepts and the process by which goals are
trsnstazed into perfonmance 1s based on the broad theoretical position that Perfornance (P) equals the product of Ability (A) and
Moiszation (M); (P = A X M)

Though cogmtions serse telic purpases, thiey are influenced by past behavior and experience. The modrl specities feedback
loops suggesting that a person's elfort-perforinance expectancy 1s influenced by past expenditures ot effart and perfonnance,
\lso, past performance affects both a person's objective ability and their subjective estunate of their ability. These tactors, in
tutn, affec t future effort and perforinance, The model 1s dynamnic an that the source of purposive action is cognitive activity,
though not necessardy conscious, that is infiuenced by past action and its conscquences.

Method

Subjects

One-hundred and tlurty experimental subjects participated i tlus study. Their average age was 21 years. Seventy-one of
the suhjects were female and 53 were male.  Approximately 40% w~ere high school students and the remaning 60% were
undergradiate college students.  Some data f(or six subjects were missing and therefore were unavailable [or soine of the
anglyses.

Provedure

The present study was part of a larger work sunulation study designed to investigate the cllects of alternative incontive
magnitudes on petformance (Riedel, Nebeker, & Cooper, 198 5).

Subjec ts were recrinted for part-tune cmployment to pecforin a clencal transter task. The 130 subjects whe qualified for
the jub were assigned randemly ta | of 7 expernnedtal conditions differing i terns of the magmtude of imcentize offered lor
«arwus fevels of perlornance. They worked 3 days, & hours a day, for a total of 20 hours at a rate of $&40 per hour.

Research questionnaires were adintustered three tunes: alter assipnment to an experimental condition, at the start of the
third day, and at the start ot the ifth day. These questionnaires contained the expectancy and goal items necded [or evaluating
the model predictions. The quality and quantity ol perforinance was recorded daily. A detailed description of the experiinental
procedure, treatiment conditions, construc ts and ineasures, and method of wage and incentize payment can be obtained from the
author,

Results

Manputation Check

Incentives and performarce. It was expected that subjects in the incentive conditions would perform better than subjects in
the nomincentive groups. To test thus hypothesis, an analysis of variance was perforined with treatment condition as the
dependent variable.

The results of this analysis suggest a signilicant treatment effect, £(6,120) = 3.27, p< .005. A planned compz rison of the
perforinance incans for the incentive and nomincentive groups revealed a sigmficant difference, t(120) = 3,87, p <.00(.

Incentizes and iistruinentality. Subjects were asked the amnount of pay they expected to receive 1l they were to perform at
dlternative levels of performance. Judging from the responses, the performance-pay relationshup was accurately per cived hy
most subjects aiross the treatinent groups. For all conditions the reported pay instrumentalities approximate the actual
relationships between pay and perforinance.

Model Predictions

The central rescarch question pertained to the capacity of the model to account for the process of goal choice and task
i tlorinance. 1o ezaluate the inodel, goal choice (level) was predu ted by the modet, using o retutn on effort decision algorithm,
This prediction was compared with self-reported goal choire. Also, the ability of the model to predict perforsnance was
caluated by correlating the predicted performance with actual task peiforinance. The results of these analyses are suinmarized
helow, first for goal choice and then task performance.

Goal thoe.  Prior to rvaluating the goal chawe predie ion, responses to the self-report goal «howr question were
examuned. Twenty-six subjects seircted g siogie qaantitatise ;oal {e.g., 5 umits per hour), 39 subjects selected a quantitative
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£08 with o range (e.g.. &7 untts per hour), and Nl subjrc s sat non-quantitatier goals (e.g., to do my best). To increase the
wmple vze for the ungle quantitative goal catrzory, ungle poals for subjed s with guntitative rangs goals were conmited hy
avecaging the upper and lower anchors of their tange goal respanse.  Tius resulted i 69 Cases with & single quantitative
production goal.

The .nodi | predi tion of goal chowce correlatrd spgmle antiy with «ell-reparted goal chace (¢ - S1) and tik perlormance
(1 Y, both sigmilr ant (2{ O01), 1t was Al ntrerest 1o detenane  f the relalivadup hetecen this goal measure and
petlatingr ¢ namtamed for the entire sample, am luding people without quantitatice goals.  For the eatire saunple the
correlation betacen the predicied gosl chowe anc perforinane e 13 {r - .38) and for people without quantitative goals c=.%),
hoth gty art (p € 621 Ald, the results of 4t te<t indicate no LgNItcant nean ditfesence 1n perfonmance between thow
prople aha st prantitytize goais and thows peaple #hio did rot wot a quintitative goal. [t appears that the goal chowce predyr tion
fryn the resear h inodel, based on the return on effort aigorithen, relates highly to wif-reported goa! rhore. The model also
prosvies 4 sgnificant prediction of perlonmance, regardiess of shether a subject reported setting s quantitative goal.

Pettonnay oo The «apae ity of the rnddel to predict perforn uite ¢ was cvaluvted by rorrelating the predu ted pesfonmawe
aith o tad task periornane o, Theinodel predu tan of perlonmam e was agete antly correlated with a tsal perfoninance on the
task (e - .56, 0 € L0010, Bhale tius predic Lion was shightly better for subjects who set quantitstive goals {r - .35, p € .001) than
sivects who did not (¢ .39, p < .001), the Aitlerence between threar correlations was not ssgoulicant. These findings provide
preluninary support lor the validity of the research snodel in predicting pecformance.

Discussion

ihe enteal parpose oo thes stirds was (o snptose our understanding of the pror 23 of gosl chowe. Overitl the gasl chor e
pr = et spelind i the raarare honadel 3as supported by the findings. First, inonetary incentives were found toanflucice pay
mistra nentality, Second the cognttive conponents of goal chorse winch were spectfied in the rescarch odel predicted self-
reported godals and performance, suggesting that the process of goal choice masy be hnked to zapectancy theory concepts and
processes,

I'ie effen t ol meentizes on pay instramnentahity inde stes that the treatinent atle: ted ndividual perceptions about the
vt of pas asswoneted wath alteenative leeels of prrforinance. Results show that the pas instrumentihties approvnate the
artual relationships between pay and performance, indicating that the pay contingencies were perceised quite accurately. In
ter us of the model, the clfect of the treat.nent was to ncrease mstrunentality and thereby increase perforinance valence, the
il apate § sitisfar ina of perlonmng at ~ gizen lesel of peeformanc e, The performan ¢ valence for a gisen performance level
i derisnd from o1s degree of assor Lition with parti alvr job ~utc o nes and the valern e of thowe joh vutromes to the individual, 1t
Can he Concluded that the experunental tezatinent was 7ery effective in stremithentag this association,

The goal chow e peoe ess specilied mthe re<esrch inodel was supported by tne findings, suggesting that expectancy theory
C oy eptsnay e useful in andeestanding the cogmtive components of goat choice. The « ombmation of the expectancy constructs
prodie e 4 4 reeonably v carate prediction of goar choee. The prede ted goal choice was sigmlicantly correlated with the ac tual
A eoported gl Thes Gndiag suggests the inteepeetation that goal chowe 18 3 cogimtize process where an mdiaidual chooses,
from altermtize perforinamnce godl levels, the level perceived to be most attractive. Thes perception of attrariveness 1s based
n sarious beliets and feelings a person has regarding the Likelthood that performing at certain levels will lead to particular job
catoones,  The results indicate that contextual Lactors, in this case the opportumty to earn snonetary incentives for goed
performanc e, nflaence these beliefs and feelings.

Tris study has contrtbuted to 3 better understanding of the refationship betaeen orgamzativnal context and goai setting as
they relate 1o work motivation and performance. The findings suggest that the process of goal choice 1s centeal to understanding
hivw contextusl satiables influence goals, inotivation, and performance. \orcover, the research model provides a useful starting
point [or ansetigating the relationships between organizational context and employce cogmtions and pechaps lor integrating goal
setting with expectaney theory.

Refcrences

Cranford, K. S. (1982).  Goul sctting wath sadustrial worners:  The snpact of contexteal fastors.  Unpubhished doctoral
arsser tation, Umversity of California, Irine, Cabiforma,

Da atery Ho Py, & Mobles, Wo Ho (1973). Constract aahdation of anoinstasnentality -cxpre tend y -task-goal model of work
motizwtion: Some theorrtical boundary conditions. Journal of Applied Psychiotogy, 38, 397-418.

Frank, 3. D. (1941). Recent studies of the level of aspiration, Psychological Bulletin, 38, 218-226.

Hilgard, £, R, {19585, Success in celation to level of aspiration, In C. L. Stacy and M. F. DeMartino {Eds.), Understanding huinan
motisation (pp. 235-241). Cleveland: Howard Allen, {Originat work published 1942).

Kapelnn, R, B (1977). Concepts, theories and techniques an ross-mdividual, within-indizaidual and retura on effort versions of
cxpectancy theory. Decision Sciences, 8, 6 51-662,

Lawler, E, L, 1L €1981). Pay and orgamization development, Reading. MA: Addison-Wesley.

Locke, T AL, Foren, Do By, McCaleb, Vo AL, Shaw, K. No, & Deany, A, T, (1980). The selative eflectizrness of [our iethods of
motiating employee perfotmanes,  In Ko D0 Duncan, ML ML Gounelierg, & DL Wallis (Eds)), Changes i working lile:
Procecdmgs of the NATQ International Conference (pp. 1121-1157). London: Wiley.

Mento, Ao T, Cartledge, No Dy & Locke, B0 AL (1980). Maryland veo Aichigan vso Mimaesotar Another look at the rebitionship
hetween expes tancy and goal difficulty to task performanc e, Organizational Behavior and Hunan Perfonnance, 25, 419-440,

Opaihl, Ro Loy & Dunnette, M. DL (1966). The role of finand el compensation iy industrial imotivation. Psychological Bulletin, 66,
964118,

Riedel, 1. A, Nebeker, DML, & Cooper, B Lo {October 1985, The_mfluence of monctary incentives on gosl chotee, goal
conmitinent and task performance (NPRDC Tedh, Rep. ln review). San Diego: Navy Personnel Research and Developinent
Center.

80

PO e w1




Steers, R. ML (1979, Task-goal atindutes, n achievernent, and supervisory perfonnance. Organtzational Behavior .nd Huinan
Perfoninance, 13, 392-403

Steers, R. M., & Porter, L. ®. {1379). Motivation and work behavior. New York: McGraw-Hill

Vreoon, V. H. (1964). R orh and motivation. New York: Wiley.

The views expressed in this paper are those ol the authors and does not necessanily reflect the views ol the Department of the
Navy.

81




-~ - .

B L E L LW e

- -

.V ¥ ¥

P e sl BT KA S

S

==

= ]

THE EFFECTS OF REWARD MAGNITUDE AND DIFFICULTY OF PERFORMANCE
STANDARDS UPON INDIVIDUAL PRODUCTIVITY

Delbert M. Nebeker!

Navy Personnel Research and Development Center
San Diego, CA 92152-6800

Management systems that control productivity and performance
are critical to the success of organizations. One form of
control system known as a Performance Contingent Reward System
(PCRS), is receiving increasing attention in the U.S.,
particularly when it involves financial incentives. This is
partly a function of the critical productivity problem we face in
this country, and partly because recent evidence shows financial
incentives to have a strong positive impact on performance (e.g.
Nebeker, Neuberger, 1985; Locke, Feren, McCaleb, Shaw & Denny,
1960). In spite of this evidence the use of financial incentives
as a means to increase productivity remains a controversial issue
{Belcher, 1974; lawler, 1983). If financial incentives are to be
used effectively as a means to improve worker efficiency, we must
have a better understanding of how they operate. We need to
know how reward systems should be designed to maximize their
value.

The design of reward systems can vary along a number of
different dimensions. Theses include the following:

1. Objectivity of performance measure. The degree to which
the performance measure is measured objectively as opposed
to subjectively.

2. Performance aggregation level. The number of people
include in the performance measure who share a reward.

3. Performance standard. The difficulty of the performance
level required to earn a reward.

4. Sharing rate. The percent of earnings "saved" by
performing above standard that is given as a reward.

5. Performance period. The length of time that performance
data is accumulated before a reward determination is made.

6. Feedback type. The method of providing performance
feedback.

7. Feedback period. The length of time between performance
feecdback.

lThe views expressed in this paper are those of the author and
are not official and are not necessarily those of the Department
of the Navy

82




8. Performance-reward function. The shape of the function
relating reward to performance.

9. Incentive period. The length of time following the
performance period before payment is made.

Little is known about the optimal values for these
parameters in various work situations. Virtually no empirical
research directly addresses these issues in work environments.
Theory is only slightly more helpful. If we were going to get
answers about the optimal values for these parameters we were
going to have conduct some parametric studies. Our field
experience had suggested that two of the more important ]
parameters in the design of reward systems were standard
difficulty and reward magnitude.

In reviewing the literature we found the following: There
is disagreement over whether performance standards ought to be
made difficult to reach (Locke, et al., 1981, Barnes, 1980) or
attainable for most workers and therefore easy for many (Peters &
Waterman, 1982, Motowidlo, et al., 1978 ). Evidence for both
points of view can be cited. One possible reason for the
apparent contradiction is that the effects of the reward
magnitude have not been adeguately considered in research on
standards or goal difficulty. It is quite likely then, that the
affects of easy or difficult performance standards are moderated
by the magnitude and/or the attractiveness of the rewards
availakle for reaching and exceeding these standards (Matsui,
Okada & Mizuguchi, 1981).

The instrumental learning and conditioning literature (c.f.
Logan, 1970,p.90-91) posits that increasing magnitudes of reward
have "diminishing returns" on performance (at least for rats).
This suggests that very large rewards are likely to have a lower
marginal utility than moderate rewards. Some of our own
preliminary research supports this contention with people at
work. Practical applications of reward systems in real
organizations, however, show wide variability in the amounts of
reward offered for performance above standard. Examples in
business and industry can be found with sharing rates ranging
from 10% to over 100%. It is reasonable to assume then that
systems designed to pay very large rewards are likely to produce
marginally less improvement and be less cost effective than
systems that pay more moderate amounts.

The present research was designed to help us understand the
interactive effects of these two variables by exploring the joint
effects on productivity of varying degrees of reward magnitude,
as defined by sharing rate, and standard difficulty.

Furthermore, it is expected that worker ability will affect the
relationship between standard difficulty and rewvard magnitude.
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Method

Research setting

This research was conducted in the Organizational Systems
Simulation Lab {OSSLAB) at the Navy Personnel Research and
Development Center. The OSSLAB is designed to create a high
fidelity simulation of real computerized work environments.
Microcomputers are used as workstations so that individuals can
be hired to do real work tasks under experimentally controlled
conditions.,

Subjects and design
Twenty-four employees (8 males,16 females) were recruited

and hired (at $4.89 per hour) to provide technical support to the
Navy Personnel Research and Development Center. Their job was to
enter and maintain references in a data base for searching and
retrieving the scientific literature. The Ss were required to be
keyboard proficient before being hired. They worked two 4-hour
shifts a week for eight weeks. A Work sample test given to
measure ability revealed no significance differences between the
two shifts.

The research design ralled for the Ss to perform their work
under three reward conditions: (1) Baseline or control; (2) small
incentives, wherein 15% of the wages saved by performing above
standard were paid to the employee as a bonus and; (3) large
incentives, wherein 50% of the wages saved by performing above
standard were paid to the employee as a bonus. Furthermore, the
shifts were designated as either the easy standard group or the
difficult standard group. The easy standard group had a
performance goal or standard set at the 20th percentile of the
group's baseline performance level. This meant that 80 percent
of the group was already exceeding the standard when the
incentives were introduced. The difficult standard group had
their performance goal, or standard, set at the 90th percentile.
This meant that only 10 percent of the group were exceeding the
standaréd when the first incentive was introduced. These values
were chosen to match two interesting findings. * Barnes (1980)
demonstrates that standards set by usual industrial engineering
methods typically produce standards that only 10% of the people
exceed without performance standards and feedback or incentives.
The difficult standard shift was designed to match this
condition., The easy standard was chosen to match the finding
that 80% of workers believe they are performing above average.
Thus the standard would be consistent with there own self-
concept.

The final design was a 2 X 3 factorial design where standard
difficulty level was a between-subject factor and incentive level
was a within-subject factor.

Procedur»
On the first day of work the Ss reported to the job site and
were welcomed by their first and second level supervisors. They
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were given an overview of the work they would be doing with an
emphasis being placed upon the value of their job and how
important accuracy and quality were to the information system a
long with speed.

They were then trained on the use of their work stations,
(IBM PC-XT microcomputers). This included the use of both
hardware and software. Upon completion of this training their
shift was completed for the day and they were excused to leave.
On the second day they were given additional training on the
task, allowed several practice items and then given the work
sample test. Following the work sample they began their assigned
work of entering and maintaining the references in the data base.
The remainder of their employment consisted of their performing
the task each workday. The only variations in this schedule
were: (1) the introduction of the small incentive during the
third week and the introduction of the large incentive during the
sixth week:; and (2) the administration of work perception
questionnaires on four occasions spread throughout their eight
weeks of employment; (3) the readministration of the work sample
test at the end of the second week.

Performance was measured by keystroke rate, the number of
keystrokes per hour. At any time during the experiment the
workers could chose to view, on their screens, one of several
reports of their current and "to-date" performance. During the
baseline/control condition, prior to the introduction of the
incentives, these reports included only raw performance
information such as keystroke rate, hours on the tasks and
regular pay. Following the introduction of the incentives,
however, the reports added: (1) A listing of standards and the
workers current and to-date performance efficiency against these
standards (e.g. keystrokes per hour/standard keystrokes per
hour); (2) the current and to-date bonus earned for exceeding the
performance standards; (3) current and to-date total earnings

Results and Discussion

Daily performance means were used as the chief dependent
variable in a series of moderated multiple~-regression equations.
In these equations the ability score was entered first, as a
subject-covariate factor; then the the dummy coded treatment main
effects; followed by the two-way interactions and; finally the
three-way interactions.

The results of these analyses reveal a highly significant
multiple R at each step and an overall R=.89 (R“=.79; p<.00l1).
In this regression three significant predictors of keystroke rate
were found. Ability, as measured by the work sample test,
accounted for a large pcrtion of the performance variance
(Beta=.583;F=42.42;d4f=11/202; p<.001). Also contributing
significant portions of the variance to the prediction of
performance were the interaction of standard difficulty with the
large incentive manipulation, (Beta=1.213;F=8.21;df=11/202;
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p<.005) and a three-way interaction between ability, standard
difficulty, and large incentives (Beta=-1.274;F=9.928;df=11/202;
p<.005). The relationships produced from these effects are shown
in the figure below.
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As can be seen the independent variables and their
interactions produce some interesting effects on keystroke rate.
First, it is obvious that there are large ability differences in
performance and interaction effects for incentive level, standard
and ability. High ability workers perform significantly better
in all conditions than low ability workers. Second, when
performance standards are relatively easy, increases in
incentives result in performance increases for all ability levels
at each level of incentive. When the standards are difficult,
however,_ performance for_the_high ability workers, first
increases for the small incentives and then decreases, when the
large incentives are introduced. Finally, with small incentives
and the difficult standards, the low ability workers perform
better than their counterparts with easy standards. With the
introduction of the large incentives, however, their performance,
does not improve, while the easy standard group's does, allowing
the easy standard group to out- perform the difficult standard
group. ,

From these results the following points appear clear: (1)
Performance improves rubstantially with the introduction of both
standards and incentives regardless of whether or not the
standards are difficult or easy and whether or not the incentives
are large or small. (2) It appears that the amount of
improvement with easy or difficult standards depends upon whether
or not small or large incentives are being offered for exceeding
them. The best performance, contrary to iLocke et al.'s position
(1981), occurs when the standards are at the 20th percentile and
the sharing rate is 50%. (3) High ability worker's behavior
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under conditions of both high standards and large incentives seem
to be either discouraged by the opportunity to earn incentives,
or discount the value of increasing performance and actually
reduce their performance. Either of these explanations requires
a view of small incentives as providing only an achievement or
competence motive for reaching the goal. When large incentives
are introduced, however, financial motives for reaching the goal
may become dominant. Under these conditions the question of
discouragement and/or relative value may be significant factors
affecting performance. Which of these explanations (or some
other possibility) is superior remains for future research to
determine.
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Results of an
External Evaluation
System Development
in the Canadian Forces

Commander R.H. Kerr CF
and
Mr. Duane Tyerman

Background

The External Evaluation Process as part of the ISD (Instructional
Systems Development) model is under active study within several commands in
the CF (Canadian Forces). One such study, which is still ongoing, was des-
cribed in MTA Proceedings (Kerr et al, 1984); this short addendum reports
results and analysis of the findings in the studies invoiving 79 Dental
Technicians (graduates and supervisors) and 467 Administrative Clerks (grad-
uates and supervisors). Action proposed and underway is discussed in the
last portion of this report.

System Description

The system employed a mail-out questionnaire approach (individuals
also responded by mail). Question formats required the graduates and
supervisors to assess task completion in accordance with a question grid
providing for eight possible response patterns per task. Both trades were
assessed on 40-50 tasks. Response sheets were manually input into computer
files and subsequently edited and analysed using special programmes designed
specifically to be 'user digestible'. Details of the formats and outputs
are described in the previous paper.

Results - Input Analysis

Ninety-eight percent of the questionnaires were returned and 42% of
the response sheets contained recording errors. Further analysis resulted
in only 18% of task responses being spoiled out of a total of 43,680. Al-
though an 18% spoilage rate is considered acceptable by the authors, revi-
sion to the input formats have been made and considerable improvement is
expected in reducing recording errors. A contract has been awarded to a
research firm to utilize optical mark reader equipment incorporating the
editing function. Because of the relative uniqueness of the input format,
and the multi-track aspects of response patterns possible in such a paper-
based system, no other option appears available in a 'mail-out' setting.
The majority of personnel responding found the format easy or very easy to
complete and spent & mean time of 32 minutes completing the questionnaire.

As indicated in the previous paper, test-retest reliability was
attempted with a sample of 60 of the original population, by a readministra-
tion of the same instrument one month later. After editing, 74% of respons-
es were identical to the original administration of those sampled. Because
of the multi-track aspects of response possibilities and because some res-
ponse change is expected (e.g. personnel may now have performed a task not
performed at the first administration) this response is taken to be reason-
ably reliable, and with form revision, line correlations should improve.
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Processing and Outputs

Processing was described in the previous paper and outputs were gener-
ated and provided to Training Managers. The External Evaluation business
could provide some earth-shaking insights into training continua but not in
these instances! Cases involving performance deficiencies beyond the
limited level were virtually non-existent and those tasks reported as being
not required were easily explained away as being infrequently performed. A
good example was the completion of a casualty form by a junior administrat-
jve clerk. Infrequently completed tasks such as these are being examined
for the degree of emphasis that these tasks have on course lengths. Further
action may be taken to alter job specifications which may eventually effect
the level at which the training is conducted. The authors are convinced
that their next populations should be chosen to expose and quantify areas
where some more serious problems are known to exist, which would enable more
components in training continua to be examined.

Training Managers on the whole were pleased with and understood the
outputs. The emphasis on job-orientation utilized in this system took much
explaining, mainly because the audience for outputs were training managers,
not performance technologists as discussed in the previous paper.

Further Analysis and Direction

The question of external evaluation in the CF has received renewed
interest in 1985 at National Defence Headquarters and other Commands have
instituted their own programmes and studies. The authors believe that Ex-
ternal Evaluation as applied to Pilot Training may demand different emphasis
than that required for Naval Technician training in that output analyses
have different descriptors in order for alleviable action to take place in
correcting performance deficiencies. The major demand appears to be in
developing a system which will monitor and correct ‘overtraining' in order
to optimize training system efficiency. Apart from additional questions
being asked in the field using an existing External Evaluation system to
'flag' a possible overtraining area, the authors at this stage feel that the
internal evaluation and professional design processes would provide more
impact in guaging and correcting overtraining. Experimental designs could
then be utilized to verify, with the assistance of an External Evaluation
System whether differing training methods or standards result in acceptable
field performance. The authors have been tasked to examine this area in
1986.

Conclusion

This brief resumé of proceedings is intended to provide interim
results on the development of an External Evaluation system within a CF
context. Future developments using improved technological advances such as
optical scanning techniques and use of video display terminals as inputs to
external evaluation systems harbinge a heightened future for this often
neglected process.
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Occupational Learning Difficulty:
A Construct Validation Against Training Criteria

Joseph L. Weeks
Air Force Human Resources Laboratory

Michael D. Mumford
Georgia Institute of Technology

Francis D. Harding
Advanced Research Resources Organization

Occupational learning difficulty is defined as the time required to
learn to satisfactorily perform occupational tasks. It is expressed in
terms of a quantitative index which is produc2d on the basis of information
obtained from structured job analysis questionnaires developed and
administered by the United States Air Force Occupational Measurement
Certer. For any given job specialty, a learning difficulty (LD) index is
derived by combining relative ratings of task learning difficulty obtained
from senior-level technicians and benchmark ratings of task learning
difficulty obtained from external occupational experts. The adjusted task
ratings resulting from this combination are then weighted and aggregated to
produce an occupational-level index of learning difficulty which can be
meaningfully compared across job specialties. A more detailed description
of the derivation procedure has been provided elsewhere (Weeks, 1984).

Once an LD index was available for most Air Force enlisted job
specialties and its reliability and validity had been demonstrated, it
served as a job-centered, frame-of-reference for various management
decisions. In this context, *here are both primary and special apnlications
of learning difficulty information. Primary applications involve both
personnel and training management.

For example, to the extent practical, the order of job aptitude
requirement minimums are established so as to correspond to the order of job
specialries in terms of learning difficulty. This application contributes
F to the optimal allocation of talent by ensuring that job specialties which
are highest in learning difficulty are manned by enlistees having the
p highest aptitudes.

Learning difficulty indexes are also applied during the initial
job-offer process. Air Force enlistees are assigned to job specialties at
military entry processing stations on the basis of a computer-based,
person-job match algorithm known as PROMIS (Hendrix, Ward, Pina, & Haney,
1979). One of the policies implemented by PROMIS is to offer the most
difficult job specialties to the most talented enlistees. This process
obviously requires information concerning enlistee aptitudes and information
concerning job difficulty. Within the PROMIS system, job difficulty is
defined in terms of the LD index.

el

Another primary application involves decisions concerning mode of
training. Enlisted job specialties are designated as either category A, B,
or C skills, For category A skills, the mode of training is formal,
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resident or school-house training. For category C skills, the mode of
training is on—the-job training (0JT). For category B skills, the mode of
training can be either formal resident training or OJT. The LD index is one
of several inputs to the decision process associated with determining mode
of training.

In addition to these primary applications, there have been noteworthy
special applications. The LD index was used as an empirical basis for
justifying Air Force personnel quality standards in response to inquiries by
the House and Senate Armed Services Committees during the development of the
1985 Defense Appropriations Bill. Furthermore, it has been advanced as an
empirical basis for Air Force job and training requirements during
investigations by oversight committees such as the Government Accounting
Office and the Air Force Audit Agency.

Problem

Because of the importance of such applications, the validity of the LD
index is an issue of considerable interest. Burtch, Wissman, and Lipscomb
(1980) were the first to seriously address this problem. Their approach
consisted of correlating relative ratings of task learning difficulty by
senior-level technicians with benchmark ratings by occupational experts.
Observed correlations ranged from .54 to .96 for 100 different job
specialties. These results provided evidence of the convergent validity of
the benchmark ratings. Although this study was comprehensive in that
separate analyses were conducted for several different job specialties, it
cannot be considered sufficient by itself. Validation efforts must take
into account the functional role of learning difficulty information in
management applications. For all the applications previously described, the
occupational-level index rather than task-level ratings of learning
difficulty served as the referent for management decisions. Consequently,
there appears to be a need to evaluate the validity of the
occupational-level index of learning difficulty.

Method

Because the LD index is not applied to predict some criterion, construct
validation is considered to be more appropriate than predictive validation.
With construct validation, the goal is to evaluate the intrinsic meaning of
some measure of interest. This is accomplished by evaluating both
convergent and discriminant validity (Campbell & Fiske, 1959). Because the
LD index is a measure of learning time, strong relationships with the
training time for an initial-skills course associated with a specialty would
be expected. Also, because the LD index is a measure of a job property,
strong relationships with measures of personnel attributes would not be
expected.

S AL

In an independent research project devoted to the development of a
covariance-structure model of Air Force technical training, it was necessary
to collect information concerning occupational learning difficulty as well
as measures of student input, course content, and training outcome variables
for several initial-skills courses. Therefore, it was decided to extend
that effort to include an examination of the construct validity of the LD
index. Only analyses relevant to the construct validation of the LD index
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will be discussed here. Details concerning the development of the
covariance-structure mode! of initial-skills training are provided by
Mumford, Weeks, Harding, and Fleishman (1985).

Samples of subjects and courses used for the present analyses were
identical to those employed by Mumford et al. (1985). Courses were selected
from among approximately 200 initial-skills courses administered by various
technical training centers under Air Training Command. Courses were
selected to provide a representative sample with respect to numerous
criteria including course content, student flow, training costs, and
aptitude area. Subjects were sampled so as to provide a minimum of 50
students for each course. These procedures provided a total of 5,970
students and 48 initial-skills courses.

The independent variable examined in the present study consisted of the
LD index obtained for the job specialty associated with each of the 48
initial-skills courses. For each specialty, the index consisted of an
aggregate value obtained by deriving the average learning difficulty of
first-term positions in the specialty. This procedure was considered
appropriate because initial-skills courses are designed to provide training
for tasks likely to be encountered during the first term of service.

A wide variety of dependent variables falling into three broad
categories were examined. The dependent variables included those which were
expected to be highly related to the LD index as well as those which were
not. For dependent variables in each category, detailed descriptions of the
source of data and measurement process are provided by Mumford et al. (1985).

The first category of dependent variables consisted of measures of
student inputs. These measures included (1) students' average scores on the
composite of the Armed Services Vocational Aptitude Battery which serves as
the basis of the aptitude requirement for entry into the course, (2) average
reading grade level as measured by the Air Force Reading Abilities Test, (3)
the average academic motivation of students in the course as indexed by the
average number of difficult high school courses completed, (4) average
educaticnal level of students in the course, (5) educational preparation as
indexed by the average number of recommended high school course
prerequisites completed by students in the course, and (6) the average age
of students in the course.

The second category of dependent variables consisted of measures which
represent outcomes of training. These measures included (1) average final
course grades for students in the course as indexed by the average score on
end-of-block written tests, (2) average number of hours of special
individualized assistance (SIA) provided students by course instructors, (3)
the number of academic counseling sessions provided students, (4) the number
of nonacademic counseling sessions, (5) washback time as indexed by the
average number of retraining hours provided students, and (6, 7) the
academic and nonacademic student attrition rates for the course.

The third category of dependent variables consisted of measures of
properties of the initial-skills course and are described as course content
variables. This category included (1) course length (in hours), (2) course
diversity as reflected by the number of different units of instruction, (3) |
expert's average rating of the abstract knowledge requirement of the course, i
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(4) the expected student attrition rate for the course, (5) the number of
students per instructor, (6) the average number of months of instructional
experience of the instructors assigned to the course, (7) average ratings of
the quality of instruction provided by course instructors, (8) manning
requirements as reflected by the availability of a selective reenlistment
bonus for the specialty associated with the course, (9) length of academic
day (in hours), (10) the number of instructional aids employed per
instructional hour, (11) the percentage of training hours devoted to
hands-on instruction, (12) the frequency of formal feedback per hour of
instruction, (13) practice or the number of hours devoted to a unified body
of material, (14) student flow or total number of students passing through
the course per year, and (15) the reading difficulty of course materials.

Analyses undertaken to examine the construct validity of the LD index
were straightforward. Scores on the various student input, training
outcome, and course content variables were correlated with the LD index.
With regard to analyses involving student input variables, it is important
to note that the LD index for the job specialty associated with a course was
assumed to be applicable to all students in the course. Once the
correlational analyses were completed, the pattern of relationships
indicated by the correlational data were examined to evaluate the
discriminant ard convergent validity of the LD index.

Results and Discussion

Table 1 presents the mean and standard deviation of each dependent
variable and its correlation with the LD index. Examination of the student
input variables indicates that all observed correlations were statistically
insignificant. Because the LD index is a measure of a job property and the
student input variables are measures of personnel attributes, this outcome
was expected. The fact that this expectation was confirmed by the results
of the present analyses lends support to the discriminant validity of the LD
index.

All observed correlations for the training outcome variables were
statistically insignificant. This outcome was also expected. As a result
of efforts to develop the covariance-structure model of training, we have
gained some insight into the complex interrelationships that combine to
influence training outcomes. Largely because of the instructional systems
design process which uses information concerning job tasks as one basis of
course design, the LD index is conceived of as having a primal influence on
course content. However, numerous student input and course content
variables combine to influence training outcomes. Consequently, the
relationships between the LD index and training outcomes are indirect being
moderated by several other variables.

The strongest relationships produced by the LD index were with various
course content variables. This was expected because as previously
indicated, the design of initial-skills training is guided by job content.
For instance, because the LD index represents learning time, it was expected
that a positive relationship would exist between the LD index and course
length., The fact that a moderate positive correlation was observed
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for these two variables tends to argue for the convergent validity of the
index. Moreover, it would be expected that the LD index would be
positively related to indices of course subject matter difficulty to the
extent that it is an intrinsically meaningful index. The moderate positive
relationships observed between the LD index and course diversity, abstract
knowledge requirement and expected attrition rate support this expectation.

In addition to these relatively direct relationships, it was expected
that the LD index would yield a number of more diffuse relationships. For
instance, it might be expected that fewer students per instructor and more
experienced instructors would be a means of compensating for task learnirdg
difficulty. The observed relationships between the LD index and these two
variables lends support to this expectation. Further, it might be expected
that the overall quality of instruction would be low for tasks of high
learning difficulty. Again, the observed relationship between these two
variables supports this expectation. The positive relationship between the
LD index and manning requirements may be attributed to the fact that
specialties higher in learning difficulty generally require training which
is highly valued in the civilian work place. The loss of military-trained
technicians to the civilian labor market would, in turn, lead to a greater
demand for personnel.

Tadle . “eans and Standard Jeviations 3¢ Dependent Variadles

and 3ivariate Correiations with the Learning Diéfriulzv !ndex

“ARTA3LES MEAN STANDARD r
DEVIATION

Student inpuzs (N = 5,970 students)

Aptitude Composite Score 43,300 16.30 Dub NS
Reading Grade level 11..00 1.00 Qhe 'S
Atademic Motivation 33.¢00 13,0 .2n% NS
Fducation Level 2.180 W55 -.012 NS
“4ucational Preparazion HAL Y -.ils N§
Age 20,100 2,2¢ .35 NS

Training Outcomes (K = «8 _ourses)

Final Course Crade 35.20¢ 7.61 076 NS
SIA Time 5.500 15,40 .Je8 NS
Academic Counseling 1,459 3.67 L3 NS
Nonacademic Counseiing Lit0 1.5% = ¥ NS
washback Time 1,100 51.30 066 NS
Academic Attrition 2028 .15 .0l- N§
Nnnacademic Attrition 00 L] =002 N3

Lourse Content (K = 48 courses)

Course Length +13.900 309.30 501 *x
Course Diversity 5%.300 «3.30 2536 %%
Abstract Knowledge Requirement 2.420 .98 b7 kw
Expected Attrition Rate 596 .93 S50 ww
Student-Iastructor Ratio 9.100 4,80 ~.556 *%
{nstructor Experience 32.500 14,70 591 ww
lnstructor Quatity 2.500 A5 =314 *
Manning Requirements Wal .49 A23 e
Dav length 480 Jab -.033 NS
Instructional Aids 270 .10 .161 NS
Hands-on Practice 10 .13 -.186 NS
Frequencv of Feedback .40 A2 -.191 NS
Practice 8,520 3.17 ~.074 NS
Yearly Student Flow 1943.600 2662,50 -.200 NS
Reading Difficuity 10.980 .63 031 NS

** - Probability ¢ .0l that observed r 1s a random deviation from a
population r of zero.

* - Probability ¢ .05 that observed r 1s a random deviation from a
population r of zero.

NS - Probability > .06 that observed r 1s a random deviation from a
population r of zero.
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Conclusion

In reviewing the results of these analyses, it seems reasonable to
conclude tonat the occupational learning difficulty index displays construct
validity. The index was found to be mcderately related to both course
length and a number of indices of course subject wmatter difficulty lending
support to the convergent validity of the index. Moreover, the finding
that strong relationships did not exiat between the LD index and a number
of student input and training outcome variadbles tends to support the
discriminant validity of the index. Overall, the evidence produced by
these analyses appears to indicate satisfactory construct validity for the
occupational-level index of learning difficulty.
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News about CAT in the German Federal Armed Forces (GFAF)
Wolfgang Wildgrube
Psychological Service, Bonn, West Germany

Introduction

At the last annual MTA-conference 1984 in Munich, a workshop
about "CAT in Germany'" had nresented the first activities and
experiences used computerized testing in the GFAF (named: CAT I).
Since 1983 the GFAF evaluated two exnerimental installations for
computerized testing at the recruiting centers in Munich and
Hannover choosing the practical approach by conventional testing
(Wildgrube, 1985 b; see also the contributions of Angermiiller and
Kulling).

Meanwhile CAT made an important step forward in the GFAF. First
a lot of paperwork to prepare computerized testing is accom-
plished so that in 1987 CAT systems can he operational at the
four recruiting centers for volunteers and the recruiting center
for officer candidates compiling the conventional nrocedure to
computer application. Second a major change is planned at the
recruiting centers for draftees. The final goal will be to
accomnlish medical examination and psychological testing -
supplemented by psychological counseling - at the same day so
that each draftee knows, after one day at the recruiting center,
the date, location, and unit for the time in the service respec-
tively for his beginning basic training. Therefore individualised
testing by computer is necessarv for this one day examination
for draftees. The corresponding pilot project started in January
1985 in Hannover using one of the CAT installations.

Antitude Classification Battery

In the GFAF the Aptitude Classification Battery (EVT -~ German
abbreviation) is in use as the standard entrance examination for
draftees and volunteers (similar the ASVAR; officer candidates
have a special test hattery). Parallel to the CAT develonments 3
goes a major revision of the EVT battery, so that the GFAF

starts in January 1986 with the following revised test hattery:
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Figure Matrices Test 20 Ttems/8 Alternatives 18 Min.

(FMT)
Word Relation Test 20 Ttems/S Alternatives 4 1/2 Min.
(WRT)
Arithmetic Reasoning Test 20 Items/Input of the 14 Min.
(RT) Results (raper/rencil for
notices)
Spelling (Orthographical 60 Items/4 Alternatives 12 1/2 Min.
Test; RST)
Yechanical Ability Test 20 Items/S Alternatives 13 Min.
(MT)
Electrotechnical Compre- 20 Ttems/S Alternatives 20 Min.
hension Test (EKT) (Pretest after RT:
8§ Items 6 Min.)
Reaction Test (RP) 64 Ttems/6 Alternatives 3,41 Min,
Input of the Results
Radio Test (FT) 150 Items/3 Alternatives 3,30 Min.
Innut of the Results
Signal Test (SigT) 18 Ttems/4 Alternatives 3 Min.
Innut of the Results
Doppler Test (DonT) 20 Items/3 Alternatives 4 Min.

Input of the Results

After the six conventional subtests, up to now carried out by
paper nencil, follow four special tests presented by maschines
("'anpparative'" tests). This fixed sequence of subtests will be

used during the routine apnlication of the EVT by computer.
Changes are possible at any time by interrunts of the proctor, for
example omitting of the signal test or stopning after the elec-
trotechnical comprehension test.

New Hard- and Software

Concerning the ranid develonments and changes in the area of
Personal Computer the definition of new hardware and further-
more, software for CAT was necessarvy (named: CAT II). Besides
the change from PC with 8 bit nrocessors to PC with 16 bit
processors the new equipment will contain as an exransion of
CAT 1 further the four "annarative'" tests, namely reaction test,
signal test, doppler test, and radio test, so that the whole
Aptitude Classification Battery can be nresented by computer.

There was conformity about that standard hardware and software
were not sufficient for CAT at fixed locations/recruiting
centers in the GFAF. At the end of the last vear a booklet
with the detailed requirements was worked out in cooperation
between the GFAF and the German firm ZAK. The new hard- and
software will be Jdelivered in December 1985, One installation
of the new equipment is assigned for the recruiting center of
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draftees in Munich, the other one is a twin-configuration for
the recruiting center in 'lildesheim which should he delivered

in Spring 1986.

In addition to the actual developments by the firm ZAX various
firms npresent at the moment different concents and corresponding
financial estimations to realise the requirements of the GFAF
concerning CAT for example in fifty recruiting centers for
draftees.

The new CAT equinment has the following characteristics:

A local area network (LAN) is in use with 15 work stations

for examenees apnlicable different test batteries at each

station.

- The testing session will be monitored at a central place by
an TBM AT with harddisk. A second IBM AT - also in the LAN
linked - is located in a seperate room and will be used for
input of personnel/biographical data and for output of results
and furthermore the second central nlace is prepared as bhack
up for the master.

- Pack un-arrangements are prepared at different levels, e,g. the
central places for monitoring (2 IBM AT), the work stations
(15 stations availahle), power interrunt (additional equipment
and software tools), test results (internal twin storage at
disk). There is no break allowed longer than 30 minutes as well
as the loss or the reneat of a whole subtest,

- A werk station can be described by these characteristics:

+ a white screen with black items, 768 x 1024 nixels;

+ a headset for voice outnut;

+ a special keyvhoard with a part for the compiled naver
nercil tests (ten digits and the green and red function
keys) and with four srecial parts for the 'apparative"
tests (e.p. reaction test).

- At the central place of the CAT station monitors the nroctor
the test session, using different menues. A maximum of four
tasks are active so that an overview about the state of
testing at any time is possible.

- The second proctor sits in the seperate room, types in the
nersonnel data (at the moment the system provides 18 menues),
or starts the output by a matrix nrinter (the different output
is tailored for the requirements in the recruiting center, at
subtest-, person- or item-level). The reference criterion for
all data is the nersonnel-id-number (similar the sociol
security number) so that all data (personnel data, biogranhical
data, test data/results) are stored in a data hase at the end
of the whole psvchological examination. The possibilities for
transfer to a mainframe computer is considered, at subtest-
level online and at item-level via tapedrive for follow up
studies,

- The testing session starts for each examenee with an intro-
duction or learning phase. There is the chance to get practice
in the use of the kevboard and to learn the kind of testing.
If an example solved or typed in incorrectly the program
nresents the example item once more. This phase and the
exannle items bhefore each subtest are sunncrted hy voice
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output via headset. The whole text (without the items within

the subtests) is prepared by deltamodulation, stored at the

harddisk at each work station, and then monitored (screen and
voice) by program during the test session.

CAT Center

At the recruiting centers the testing station is only installed
for the application of the tests. After given in the password
the proctor starts the session using the different menues, while
a special nassword is necessary for data handling or for use

of utilities. All aspects of change of the items or the item-

pool or modification of the software or the testing procedures

will be carried out in the CAT center which is located at the

Federal Armed Forces Office in Bonn.

Until to the end of this vear the following hardware will be

delivered: 1 central nlace (IBM AT), 1 work station, nrinter,

plotter (for graphical items), tape drive (for data transfer to
mainframe at item level). Furthermore the essential software
will be prerared for Bonn:

- Source codes of the whole application software.

- Compiler for Basic, FORTRAN, Pascal, C (the greatest part of
the software is written in C).

- Tools used by the firm ZAK for the snftware developments.

- Item editor for the input of granhical/nongraphical items,
instructions, voice modules, and for storage in an itempool
resnectively data hase.

- Item editor for assembling differcnt subtests, modi{ying testing
procedures, inserting instructions, and creating new test
hatteries.

- Utilities for data handling and for the management of data in
a base.

- Statistic software for simple analyses at the personal computer.

All changes and modifications are prenared in the CAT center in
Bonn and the flonpies containing the newest version are distri-
buted to the recruiting centers for the dailv routine testing.
In addition the CAT center is the link between GFAF and firm so
that all hardware troubles first are renorted to the CAT center.
So the CAT center will be the central nlace for all asnects of
CAT in the GFAF concerning hardware, software, itempools, data
of the examenees, as well as for the scientific evaluation.

lixperiences and Results

The two pilot installations in Munich and Hannover (CAT 1) are

in use daily and the CAT results are applied to selection and
classification decisions. Now the data transfer is available

from CAT to mainframe computer via tape drive for different

statistical analyses.

Desides the computerized testing information has heen collected |
by an ad-hoc-questionnaire. Here are some results from selected
aquestions collected in Hannover (also classified by the four

educational levels) and Munich. '
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1. when I entcred the testing room Hannover (N=223) Munich

and saw the testing eauipment, [ level of education (N=175)

was curious as to what expected 1 2 3 4 T T

me

1. 1 was very curious 2 53 78 32 165 136

2. I was not so curinus - 22 18 9 49 32

3. I was not curious at all - 2 S 2 q 7
14. Comnaring the computerized test

version to the naner and pencil

test, I think

1. that 1 like the computerized 1 61 80 32 174 134

form hetter
2. that I like the paper and 1t 11 1§ 8 35 33
nencil form better

15. T often nlay video games (e.g.

"Star War'")

1. ves 1 14 17 8 40 39

2. no 1 59 80 31 171 129
16. T have cxnerience with home

comnuters

1. ves - 6 22 8 36 21

2. no 2 69 75 31 177 149
17. I participated in this test

with pleasure

1. if yes, why 2 70 92 34 108 145

2. if no, whv not - 5 3 4 12 18

The results indicate a high accentance of computerized testing
resnectively this kind of non-groun testing by computer. The
examenees nrefer the CAT application even if they have no expe-
riences with home computers or video games. So will he soon
computerized testing without any problems similar the conven-
tional paper nencil testing.

CAT offers the chance for recording more data as well as paper
pencil testing, so that more detailed analvses can be made. One
aspect is the item solution time which is recorded for each itenm.
But at time new models in testing theory and basic research are
necessary to interpretate this time-based data in addition to

the abhility parameter.

An other important point concerns the difference in the test
scores during a day period shown in the following table.

i
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Test (time) § Scores Time used per subtest (seconds)
morning noon P norning noon P
WAT (11.00) ] 13.86 13.01 .002 234 246 .000
FDT (11.00) § 14.46 13.76 .031 505 510 .504
RT (11.00) 2.99 9.13 .008 826 823 .690
M7 (11.30) § 11,59 10.70 .001 712 711 . 890
RST (12.00) | 28.10 26.00 .004 172 175 016
EKT (12.00) 6.63 5.55 .000 552 561 .202

There are significant and relevant differences between the two
groups (sample sizes approximately equal) in the scores of all
six suhtests. Remarkahle are the significant values for the two
subtests '"word analogy' and '"spelling" concerning the time used
rer subtest. The tahle above shows for the other subtests very
similar time for solving the items in a subtest, while the scores
are Jdifferent. Further research is needed for this aspect so that
different norms will he used for the morning and for the noon
session if necessary.

Wildgrube, W. (1985, a): Computerized Testing in the German
Federal Armed Forces (FAF): Empirical Approaches; in: Weiss,
D.J. {(Ed.) Proceedings of the 1982 Item Response Theory and
Computerized Adantive Testing Conference, Computerized
Adaptive Testing Laboratory, Department of Psychology,
University of Minnesota, April 1985, p. 353 - 359,

Wildgrube, W. (1985, h): Comnuterized Adaptive Testing (CAT) in
Germany - General Topics -; in: BMVg - P II 4 (Eds.),
Procecdings - 26th Annual Conference of the Military
Testing Association, Miinchen, Fed. Renublic of Germany,

S - 9 Nov. 1984, coordinated by the Psvchological Service
of the Federa” Armed Forces - BMVg, P II 4, Bonn, 1985,
p. 151 - 156.
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EFFORTS TOWARDS THE IMPROVEMENT OF THE
COMPUTERLZED ADAPTIVE SCREENING TEST (CAST)

Deirdre J. Knapp, Rebecca M. Pliske, and Richard M. Johnson
U.S. Army Research Institute for the
Behavioral and Soclal Sciences

The Computerized Adaptive Screening Test (CAST) was designed by the Navy
Personnel Research and Development Center (NPRDC) under the sponsorship of
the Army Research Institute (ARI) to provide a prediction of prospects' Armed
Forces Qualification Test (AFGT) scores at recruiting stations. This paper
briefly discusses the development of CAST and summarizes current efforts to
enhance its utility.

Background

Armed Forces applicants fall into certain mental categories on the basis of
their AFQT scores. AFQT, which is intended to be a measure of trainability,
is derived from a linear combination of subtest scores (i.e., WK, AR, PC, and
one-half of NO) on the Armed Forces Vocational Aptitude Rattery (ASVaB). In
the Army, individuals who score at or above the 50th percentile (mental cate~
gories 1, 2, and 3A) are eligible for special options and benefits such as
the 2-year Enlistment Option and the Army College Fund. Applicants who score
between the 31st and 49th percentiles on AFQT (mental category 3B) qualify
for enlistment but are not eligible for special options. Lastly, those indi-
viduals who score below the 31st percentile (mental categories 4A, 4B, 4C,
and 5) are regarded as being low priority candidates for enlistment.

It is vital that recruiters have access to information which predicts pros-~
pects' AFQT performance for several reasons. For example, recruiter's mis-
sions specify not only the number of recruits to be enlisted, but also the
quality of those recruits as determined by mental category classification.
Further, if a prospect appears to have virtually no chance of producing an
acceptable AFQT score, the recruiter may choose to discourage him or her from
further interest in the Army. The recruiter can then spend more time selling ]
the Army to more promi-~ing prospects. Finally, if a prospect appears to be
of average quality, the recruiter may not want to spend much time describing
special options and benefits to the individual. On the other hand, it the
recruiter does not sell the options and benefits to those individuals who are
likely to be eligible for them, he or she is failing to use a powerful sales
tool. Clearly, recruiters can enhance their performance if they effectively
use a valid predictor of prospects' AFQT performance,

lThe views expressed in this paper are those of the authors and do not
necessarily retlect the view of the US Army Research Instlitute or the
Department of the Army,
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Description

As its name indicates, CAST is a computerized adaptive test. Adaptive

tests are constructed so that they are tailored to fit each examinee.

This is done by administering items which have optimal discriminability given
a particular examinee's ability. This can be compared to traditional testing
where all examinees respond to the same items, regardless of differences in
examinee ability, Hence, adaptive tests are more efficient to use than trad-
itional tests because a comparable amount of information can be gained from
fewer test items,

The item pool for CAST was developed by researchers at the University of
Minnesota (cf. Moreno, Wetzel, McBride, & Weiss, 1983) for use in the devel-
opment of a computerized adaptive version of ASVAB. Researchers at NPRDC
developed the sof tware capable of administering items predictive of AFQT on
the Army's microprocessor system known as JOIN.

The current operational version of CAST consists of 78 word knowledge (WK)
items and 225 arithmetic reasoning (AR) items. All items are multiple choice
with a maximum of five response alternatives. The items were developed using
the three-parameter logistic ogive item response model (Birmbaum, 1968); chus
each item has three parameters (discrimination, difficulty, and guessing)
associated with it, Test items for CAST were chosen so that the discrimina-
tion parameter values ~ould be greater than or equal to .78; the difficulty
parameter values would rauge between +2 and -2; and the guessing parameter
values would be less than or equal to .26. The ability estimates yielded by
CAST are based on the Bayesian sequential scoring procedure discussed by
Jensema (1977). The stopping rule is ten WK items and five AR items.

Validation Information

There are three validation efforts associated with CAST. The initial valida-
tion study was conducted at the Los Angeles Military Entrance Processing
Station (MEPS) with a sample of 312 U.S. Army applicants (Sands & Gade,
1983). The correlation between CAST scores and AFQT scores was .85. The
second data collection effort took place in Army recruiting stations in the
nidwestern region of the U.S. during the first two months of 1984 (Pliske,
Gade, & Johnson, 1984). CAST scores were linked to subsequent AFQT perform-
ance via the social security numbers (SSN's) of the prospects. More specif-
ically, recruiters recorded prospect SSN's thus allowing the researchers to
locate the appropriate MEPS records, Matching records for 1,962 prospects
were located and the resulting validity estimate was .80.

The most recent estimate of CAST's validity is based on data which is being
collected from a sample of 60 Army recruiting stations during January through
December of 1985. This sample was selected to be representative of the popu-
lation of approximately 2,000 Army recruiting stations in terms of geographic
location, population density, and ethnic composition. The correlation be-
tween CAST and sutsequent AFQT performance, based on preliminary analyses of
the first six month's of data, is comparable to those obtained in the

earlier studies (r=,82; n=2,240).
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Clearly, CAST is a valid predictor of AFQT performance. Of course, one prob-
lem with computerized adaptive testing is the need to have a computer stand-
ing by to administer it. Since recruiters do not always have this luxury,
there remains the need to use the Enlistment Screening Test (ES1), a paper-
and-pencil predictor of AFQT. The initial validation information regarding
EST was provided by Mathews and Ree (1982). Although their data yielded a
healthy validity estimate of .83, a cross-validation of the test has not been
reported. Consequently, the recruiting stations which have been providing
CAST validation data over the past vear have also been asked to record the
SSN's and EST scores of all prospects who tave EST rather than CAST. Based
on six month's of data, the validity estimate is .79 (n=685). As expected,
the validity of EST has been reaffirmed.

Proposed Improvements

Currently, efforts are underway to improve three specific aspects of CAST.
The first aspect concerns the kind of information that the test provides to
the recruiter., The second ana third aspects involve the test's item pools
and stopping rule. At the present time, CAST provides bar charts that give
information about performance on the WK and AR subtests and the examinee's
predicted AFQT percentile score. There are twc fundamental problems with
providing only point predictions of AFQT scores to recruiters. The first
problem is a function of the statistical naivete' of most recruiters. Be-
cause the great majority of recruiters do not understand the concept of
correlation, they do not adequately understand the nature of the point pre-
diction that they are given., Hence, recruiters complain that predicted and
actual AFQT scores often fail to be exactly the same. A second problem with
the use of point predictions concerns the way in which recruiters utilize
information from CAST. As indicated earlier, recruiters are primarily con-
cerned with the prospects' subsequent classification intc one of three groups
of mental aptitude categories. Given these considerations, it seems that
recruiters would be better served if CAST provided output that reported the
odds associated with a given prospect falling into each of the three critical
mental categories.

Two approaches to category prediction are being studied using data from the
on-going validation effort described above. The first approach models the
strategy that recruiters probably follow. That is, one uses the point pre-
diction, which is based on a regression model, to determine the mental cate-
gory to which an individual will likely belong. The second approach is based
on classification analysis. 1In contrast to regression analysis, classitica-
tion analysis provides subtest weights that optimize category, rather than
point, predictions. Table 1 shows the percentage of cases which were classi-
fied into each of three categories on the hasis of these two approaches. A
comparison of the two approaches reveals that they differ with respect to
where their prediction errors occur, Both approaches are good at identifying
individuals who fall into categories 1-3A (Approximately 75% of the people
who are predicted to be in 1-3A actually are in 1-3A). Classification analy-
sis, however, is much better than regression analysis at identifying indi-
viduals who are in categories 44 and below (80% versus 55% accurate
prediction). This advantage is at the expense of a somewhat poorer ability
to identify prospects who are in category 3B.
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TABLE 1

Percentage of Cases Classified
Into Critical ASVAB Categories

PREDICTED AFQT CATEGORY¥*

1-3A 3B 4A AND BELOW
ASVAB 1-3A 76/77 23/18 1/5
AFQT 3B 25/27 60/ 38 15/35
CATEGORY 4A and 4/4 41/16 55/80

below

* Regression analysis to left of diagonal; classification analysis
to right of diagonal.

Regardless of which method of category prediction is used, the information
provided can be presented in a way that would be logical to recruiters., For
example, CAST sof tware could be changed to report the probabilities associ-
ated with an examinee falling into each of the three critical categories.

‘fhe vecruiter could then compare the odds, and wake an informed judgment con-~
cerning his or her subsequent course of action., The important point here is
that presenting CAST results in such a fashion would make it clear to re-
cruiters that, although those results can be very useful, they are not infal-
lible.

Turning to the subject of CAST's stopping rule, the questions to be asked are
tvofold. First, assuming that the stopping rule is to be based on number of
{tems, what is the optimal number of subtest items to administer? Second,
would it be better to base the stopping rule on the precision of the ability
estimate rather than on the number of items being administered? Data from
the latest validation study have been used to examine the first questionm.

The version of CAST which is being used in the 60 experimental recruiting
stations administers five more items per subtest than the operational version
of the test., It also records response time so that the time it takes to ad-
minister various subtest length combinations can be compared.

Validity estimates and average completion times were computed for six subtest
length combinations (5, 10, and 15 WK items; 5 and 10 AR items). Validity
coefficients ranged from .79 to .85. Completion times ranged from just over
10 minutes to just over 18 minutes. Given that the validity estimate associ-
ated with the current stopping rule is .82 and the average completion time is
a little over 12 minutes, it appears that an increase in subtest length would
not be justified. A substantial increase in completion time is required for
even a small increase in validity.

L

; With an adaptive test, an ability estimate and the variance associated with

ﬁ that estimate is computed each time an examinee answers a new test item,
Rnther than stop the subtests after a given number of items are administered,
the test sof tware can be altered tc end the subtests once the variance esti-
m~ te bas dropped to a giver value, The advantages and disadvantages of al-
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tering CAST to rely on the latter type of rule need to be evaluated care-
fully. Also, the determination of an optimal variance criterion would re-
quire further study.

The iwo item pools currently contained in CAST will be exparded within the
next 2-3 years. Given the extensive use of the test, it is important that
the jtem pools are large enough to prevent the frequent recurrance of par-
ticular test items. The possibility of developing items which will provide
optimal discrimination at the critical AFQT cutpoints is also being consid-
ered,

Closing Remarks

CAST is a very good test which we are sceking to make even better. At the
present. time, our efforts are primarily aimed at changing the sof tware to
yield information that will be of the greatest use to recruiters. Our plans
over the next couple of years are aimed at insuring the continued integrity
of the test itself,
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DEVELOPMENT OF A PORTABLE COMPUTERIZED
PERFORMANCE TEST SYSTEM

R. S. Kennedy, W. P. Dunlap,
R. L. Wilkes, & N. E. Lane
ESSEX Corporation
Orlando Florida

Absiract

The ethics and pragmatics associated with developing an automated
performance test system to study the effects of various treatments make
repealed measures in small groups of subjects the customary research
paradigm. 1In such cases, test stability, reliability, and factor structure
take on extreme significance. 1In a Navy program 80 percent of 150 tests
failed 1o meel minimally acceptable psychometric requirements. Recent
findings with our battery show: acceptable psychometric properties in lerms
of both differential stability and reliability for both the long and the
short battery; two factors available for the 7.5-minute test battery; four
for the 15 minute bhatlery and correlation with the WAIS. 1The factorial
richness of the battery is adequate and goes beyond the factors that can be
conveniently measured by more traditional paper- and- pencil tests into motor
spred  dimensions that may have important practical implications for
assessment of concurrent functional capacity. Both factorial richness and
correlation with the more global cognitive capacity construct, 1IQ, might be
improved by the inclusion of subncales indexing verbal and arithmetic
abilities, however, adding factors is not without penalty. The trade-offs
of these issues (testing time, factor structure, stability, stabilization
time, and reliability) are discussced. About a dozen validation studies are
presently ongoing. Wwhat remains is to demonstrate functional validity in
the detection of human functional capacity deficils in a real-world
setting. This should be our primary mission in subsequent work.

INTRODUCTION

Exotic work environments often include factors (i.e., weightlessness,
motion, fatique, etc.) that disrupt performance. Furthermore, therse
settings are typically populated by 1limited numbers of highly critical
workers. Kennedy and Bittner (1977) have observed that two connected
concerns associated with the measurement of performance under such
conditions are the lack of sensitive tests and a general unwillingness to
expend the time and effort necessary to standardize such tests. A program
designed to evaluate performance measures (PETER) was undertaken by the
Naval Biodynamics Laboratory, New Orleans, LA (Kennedy & Bittner, 1977;
Biltner & Carter, 1981; Kennedy, Bittner, Harbeson, & Jones, 1982), and
more than 150 performance tasks have been examined for suitability in
repcaled  measures research. Detailed descriptions of the evaluation
process and task metric selection criteria may be found in Bittner, Carter,

Sponsored by NASA No. 9 16982 and NSE No. 00559
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Kennedy, Harbeson,, and Krause (1984). A listing of 30 tests which
survived this test and evaluation process appears in Bittner et al. (1984),
but for the most part the tests that were studied were paper: and- pencil
tests. The easy availability and economy of portable high speced computers
sugyests that innovative methods for automated data collection and analysis
must be explored. Features that recommend microbased testing systems
include capabilities for fully automated test battery administration and
data storage, as well as portability and reduced size and weight.
Automated and portable microprocessors capable of administering and storing
petformance measures and responses provide the obvious vehicle. The
purpose of this report is to provide a descriptive overview and a brief
prospectus of the Automated Performance Test System (AP1S), and report our
recent progress in the engineering analysis of the battery in terms of
stability, reliability, Ffactor structure., feasibility, and predictive
validity. ongoing validation studies which examine sensitivity to
treatents are being recounted elsewhere at this meeting (Johnson, Kennedy,
Merkle, Smith, & Bittner, 1985).

RECENT TEST DEVELOPMENTS
Prelirinary Study

Method and Analysis. The "best"™ six tests from the PETER program
(Bittner et al., 1984) were programmed on a portable microprocessor and
administered along with tests in their original paper- and-pencil formats.
Twenty three Casper College male and female students were tested over four
replications on a 6.0 minute computerized battery. The qroup means,
standard deviations, and 4X4 intersession correlation matrices were
calculated for each task in each testing mode. Task group means and
standard deviations were examined across sessions for evidence of task
stabilization. 1Intersession correlations were assessed for evidence of
task differential stability. Rapid stabilization was expected since at
least theoretically comparable practice was received within both modes of
testing.

Results and Discussion. The data showed that all tasks in both modes
give qgood evidence of stability by the fourth session, with high
reliahility efficiencies (r >.85) for 3 min. of testing. Improvement,
averaged acrtoss all tasks from sessions 1 to 4, was approximately 20%. The
aount of improvement for paper- and-pencil testing (22.4%) was, in general,
corpdarable to the amount of improvement dJdemonstrated in the microbased
testing mode (19.3%). Typically, paper-and-pencil testing produced higher
scotes across test sessions relative to microbased testing; however, from
the data the acquisition curves for both modes are strikingly similar.
Futthermore, the task standard deviations provide good evidence that none
of the tasks in either mode has reached a ceiling. Clearly, all indicators
point to good and comparable metric characteristics for the paper-and-
pencil and microbased versions of each task. The factor structure obtained
fro: the analyses of computerized test versions in each of the four
sessions indicates the presence of two well-identified factors 1in the
computer battery. Factor 1 is clearly a "motor"™ factor, probably related
to response speed; as such, it affects performance on Pattern Comparison
and Grammatical Reasoning. Factor 2 is just as definitively a "cognitive"
factor with its importance for various tests changing with practice. The
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clarity of analyses under this constraint is encouraging. With respect to
the paper and-pencil tests, there 1is reason to believe thal these are
essentially the same factors as for computerized versions, but the
computerized versions appear to stabilize earlier and to be more clearly
defined. 1t should be noted that 1in both the microbased and
paper and-pencil analysis a possible third factor gave indications of
emerging. The nature of the factor is unkuown; however, the "automaticity®
of responses characteristic of well-practiced skills (Ackerman & Schneider,
1984) is a likely potential explanation. Also, a significant general
factor "g" may become evident withir both modes of presentation. These
findings are described in detail elsewhere (Kennedy, Wilkes, Lane & Homick,
1985).

Stabilization Study

Method and Procedure. Thirty-one male and female college students were
recruited for participation. Prior to testing, subjects received a brief
jntroduction to the purpose of the study and were advised regarding the
general procedures associated with data collection. 7Ten (10) paper- and-
pencil batteries and ten (10) microbased batteries were administered per
subject, and the subjects were also tested individually with the Wechsler
Adult & Intelligence Scale (WA1S). Six of the tests previously recommended
above as a "mini-battery" for environmental research were included for
exd-ination. Four additional tests were also studied. The group means,
standard deviations, and intersession correlation matrices were calculated
for each individual paper-and-pencil and microbased test. Group means and
standard deviatjons were examired for evidence of test stabilization, and
intersession correlaiions were assessed for evidence of differential
stability. Task definition (magnitude of r after stabilization) was
determined directly and then adjusted according to the Spearman equation
for test length and called average stabilized "reliability-efficiency” (to
a 3-minute base). Predictive validity was assessed by comparison with an
individually administered test of intelligence. Factor analyses used the
principal factors method with squared multiple correlations as community
estimates, followed by normalized varimax rotation.

Results and Discussion.

0 Stability of Means - The overall impression of the 10 tests was
that continued improvement occured over all tests but is slowed down in
those tests considered stabilized. The Sternberg test appears to stabilize
by Trial 4. The Preferred Hand Tapping and Non-preferred Hand Tapping
tasks stabilize rather late in practice, by about Trials 7 or 8, whereas,
the 1Two Hand Tapping task appears stable by Trial 4. The Pattern
Comparison test stabilizes very rapidly, by at most Trial 3; whereas the
Manikin test stabilizes later at Trials 6 to 7, as does Code Substitution.
Gramatical Reasoning stabilizes rapidly, by Trial 3, and Reaction Time by
Trial . The Landolt C test of dynamic visual acuity did not appear to
stabilize over the 10 test days. There appears to be a strong learning
component in this test as it is presently structured on the computer; thus
jt's stability is insufficient to be retained in the lest battery in its
current. form. Clearly, the acuity test is a candidate for improvement in
future versions of the performance battery.
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o Standard Deviations - The standard deviations are constant and
glve no evidence of ceiling effects.

o Differential Stability - The Sternberg, the three Tapping tasks,
Pattern Recognition, and Manikin reach apparent differential stability by
Trial 3. Code Substitution, Gramatical Reasoning, and Reaction Time reach
differential stability somewhat later, but apparently by 7Trial 6. The
average reliabilities of these tests d4are all quite high. The
intercorrelation matrix for the Moving Landolt C, on the other hand, does
not give any indication of reaching differential stability.

o Factor Analysis - We recognize the limitations of performing a
factor analysis with such a smal)l sample, but are somewhat encouraged by
the 4ood stability and high reliability of the tests and plan for these
results to be advisory. Factor I loads on Pattern Comparison and Code
Substitution of both computer based and paper- and-pencil versions, and also
loads on the Manikin and Fitts Histogram test which did not have duel
versions. Factor 11 appears to be a Motor Speed factor because it loads on
Reaction Time and the threce Tapping tasks as well as the Sternberg, but
load. on none of the paper and-pencil tests; therefore, Factor 11 may
represent a construct that can be measured via computerized testing but not
by standard paper-and-pencil tests. Factor 111 is probably best thought of
as & Motor Control factor because it loads on Tapping tasks and Spoke and
Airing. Factor 1V is a pure Gramatical Reasoning factor, loading on both
forms of this test.

o Correlations with WA1lS - The microcomputer based tests clearly
correlate most strongly with Performance 19 and less strongly with Verbal
TQ. The strongest simple correlation between the computerizad tests and
Full Scale 1Q was for Gramatical Reasoning, although Non-preferred Hand
Tapping was fairly high. The R squared values indicate that a substantial
proportion of Performance 1IQ variance can be predicted from the
computerized battery, but may also suggest that a more verbal subtest would
improve the relation to Full Scale 1Q.

(o} Paper and Pencil Tests - These tests essentially replicated the
microprocessor based tests and a more complete description of these
findings appears in Kennedy, Dunlap, Jones, and Wilkes (1985).

(o} General - All but one of the microcomputer tests could be
recommended for a mid-ranged (<10 :rin.) battery. Based on the factor
analysis, we would suggest Pattern Comparison, Sternberg, Tapping, and
Grammatical Reasoning. We would also propose that each test be
administered twice as long in order to improve the reliability and thus
afford an opportunity for improved sensitivity.

Conclusions

The philosophy of our approach to performance test development involves
thiee different phases. The first is to deal with only tests or tasks that
can be shon to he psychometrically sound. This requires that we
deronstrate stability of means and standard deviation within few
adizinistrations, and zost 1important, that ditferential stability, the
syr.etry or constancy of rrial to- trial 1intercorrelations, be shown to !
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occur quickly and at high values. The second phase is to show that the
battery has factorial multidimensionality and that the subscales
cross- correlate with earlier performance tests and other recognized
instruments of ability. Finally, it 1is necessary to demonstrate and
document sensitivity to factors kunown to compromise performance potential
in laboratory and ultimately real world situations.

The cross correlation between the Portable Human Assessment Battery and
the WAIS 10 measures was particularly interesting in that a substantial
portion of the performance subscale variance could be accounted tor by this
self-contained self-administered short battery of computerized tests. 1f
arithmetic and verbal subtests were implemented ¢ would be able to
substantially improve the correlation with full-scale IQ. Of very great
interest were the strong relations shown between Nonpreferred Hand Tapping
and the verbal WAlS subscale. This was the second highest intercorrelation
with the full-scale 1Q. Jensen and Munro (1979) hypothesized that complex
reaction times should be better predictors of general intelligence (g) than
simple reaction times; and certainly this procedure is borne out by the |
present data, in that the Sternberq, a complex motor response task, has a
higher correlation that simple reaction time with the WAIS IQ.
Furthermore, Jenson and Munro (1979) found that motor speed showed as
strong a relation as complex reaction time to ¢, an unexpected finding, but
one that might relate to the strong relation between tapping and IQ in the
present results. A comparison with other mental tests is in order (e.g.,
armed Services vocational Aptitude Battery (ASVAB). The extreme length of
the ASVAB may be thought to improve the stability of 1its factors, but
actually the second session of the ASVAB may be no more stable than Session
2 of the computer tests we reported, the latter taking 15 min (cf.,
McCotmick, Dunlap, Kennedy & Jones, 1985). The Wechsler Adult Intelligence
Scale (WA1S) takes 1-2 hrs. to administer and purports to sample two
factors; these may or may not overlap with the four of the computer battery
we report. TIn future studies in this program we will attempt to anchor our
tests against these other better-known tests. For example, if only the
computer tests are considered it may be possible to sample two motor and
three cognitive factors, each within 6 min. and with reliabilities greater
than ¢ = .70% for a 3-min. base.

Based on the data reported above, we believe that the following four
points are arquable and we would like to offer the following hypotheticial
situations for speculation. (1) A Job Sample representing real-world work
is likely to take > 100 hours to reach stability, and if a single
(composite) score (e.q., correct detection) based on 60 min. of testing
would be used to characterize performance, it is unlikely that such a score
would have retest reliability greater than r = .60, and it might be lower.
Tf many scores are broken out (e.q., hits, RMS error, miss distance), the
individual reliabilities are 1likely to be lower than r = .30.
Alternatively, the microprocessor that 1 have used would probably take < 1
hour (probably 30 min.) to reach stability on the test(s), and this total
score 1is likely to have retest reliability (r > .90) for 12 min. of
testing, as are each of the subtest scores. (2) High reliability does not
assure sensitivity, but lack of reliability assures insensitivity. Most
tests advocated for use in unusual environments or with toxic substances
have neither been checked for reliability nor stability. (3) our
microprocessor bhased battery total score correlales well with global
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measures of intelligence. The single best predictor of job performance in
all military jobs is a global measure of intelligence. Our battery
probably shares considerable variance with military jobs and job
performance. (4) After stability of performmance on a Job Sample and
stability of our battery's performance, if both are corrected for
attenuation, a large proportion of the one hour test (perhaps 80%) would be
shared with the 12 min. test, although the former may take 250 times as
long to stabilize.
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LEADERSHIP PREPAREDNLSS IN NEWLY COMMISSIONED NAVAL OFFICERS

Leanne Atwater
Alice Crawford

Navy Personnel Research and Development Center
San Diego, Calilorraa 92152-6830

Background

The grow:ng concern for our national security ana the concomitant expansion in the size of the Navy poaint to an
increasing need for effect.ve mihtary leadership as expressed by the Secretary of the Navy, While leadership 11 general 15
one of the most thorouchly analyzea concepts to be found 1n the research hiterature, military leadership has had
considerably less systernatic attention. Mihtary leadership, specifically leadership training for newly commissioned Navy
officers, 15 the focus of this paper.

Navy personnel nave generally viewed thenselves first and foremost as leaders. They see the need for strong
leaders--those who have the initiative, courage, and knowledge to think and act in situations where military objectives
may not be easily recogn:zed--as :nore critical than ever pefore.

Tnere .s concern, however, that many of tne events during the past several decades have eroded traditional leadersh:p
values. The resy!t has been an overemphasis on management-based, theoreticai frameworks designed by social scientists
who @0 not really appreciate leadership in a military context, Articles on this topic, written by the uniformed military
are common, Sarkesiar (}1985), for example, traces the evolution of the corporate management model back to the
McNamara years, which focused on cost-effectiveness and econometrics and shifted the focus of leadership in battle to
the pursuit of rmanagement goals. He feels that the negative impact of this shift was felt 1n Vietnam, Byron (1985),
believes that 11 peacetirrie the leadership demanded in combat situations 1s forgotten and instead, good managers are
rewarded. To summarize, many feel that the Navy 1s losing 1ts military leadership capability, which will in turn affect
battle reaciness.

An obvious paradox exists in the Navy comnmun.ty in light of all the concerns voiced when 1t comes to what shouid be
done to develop these ideal leaders. Prior to the inception of this research effort, the authors conducted numerous
interviess with senior \Navy oflicers and & conmon theine emerged. Leadership training is conducted when everything
else 1s finished--1t 1s the last priority--ang many, given their way, would throw 1t out altogether.

In part, this attitude toward leadersup training ste'ns from priorities. To teach leadership, something else must go.
But this attitude seerrs to ster. .iso from a lack of agreement as to what military leadership really 1s, and how (or even
if), 1t shoule be trainec. This defimtional problem can be renedied if leadership 15 viewed as consisting of three
dimensions--tmanage nent, interperscnal skills, and warrionism,  While warriorism may or may not be trainable, the
majority opinion of leaders represented in a recently sublished bock about military leadership (Ti ylor & Rosenbach, 198%)
15 that leadership skills (1,e., manageria! and interpersonal skills) can be learned. This study adc esses 1ssues relevant to
“teaching” these leadership skills to newl, cornmissioned naval officers.

Current Leadership Training 1n the Navy

The Navy currenthy provides so ne training for new officers to help them assame their leadership role. Each of the
com'nissioning sources has & leadership curriculuny for naval officers as part of their education and preparation, The
specialty schools (e.g.. Surtace Warfare Officers School (SWOS)) continue the leadership traiming process,

Until recently, the leadership training progra'n at SWOS was a 2-week course designed as part of the Leadershin
Management and Education Training (LMET) progra n implemented Navy-wide in 1978 i1n an atte'npt to standardize the
Navy's leadership training. Since 1978 mans of the LMET courses have been dropped or shortened. The reasons for th:s
are varied, but reflect 1o somne extent the atlitude mentioned earlter that leadership training 1s low priority traimng. 1t
also reflects a desire to shorten the overall traiming pipeline and to get of ficers into the fleet sooner,

Purpose

H ofticer traiming 15 to be accomplishec i+ tne mnost efficient manner, 1t 15 1mperative that the training provided be
relevant, effertive and not redundant, Thus study set out to address two pritnary questions. Does training make o
difference” That 1s, are students tearming any thing thes feel will be relevant to their leadership positions™ If so, what are
they learning and where, ard cani leadersnup training be provided more efficiently”

METHOD
Sa nple
The sa'pple for thus sty Consisted of 53] newls Lo tniss sned jun v officers at SWOS, Four hundred and eig'.t. -
p ) ) g

three students were questioned o therr first dav of SWOS about leadership traiming and preparation at ther”
CODMISSIUNE source. Nnetv-eight add.trya! stidents were quest.ned betore and after parucipating in LMET. Tabl !
presents a des_ription of the sample.
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Tabie }

Description of SWOS Sample

Pre/Post
First Day LMET
of SWOS Sample
(N = 483) (N = 98)
Commissioning Source
USNA 196 3
0ocCs 37 68
NROTC 250 2}
Academic Mayor
Science/Cngineening 300 4}
Humanities/Other 183 59
Average Age 23 r{3
% choosing surface as st choice conmunity 64 55
% intending to snake Navy a career
Yes 25 18
No 1% 20
Unsure €5 62

Ques:nonnaxrcs

Four vers:ons of a questionnaire were designed to assess leadership training, leadership preparedness, and self-rated
leadership abilities, and to collect a nuinber of biographic and demographic characteristics of the students (e.g., academic
major, age, sex, cornmission;ng source), Among the four versions the following topics were also measured: managerial

style, achieving style as measured by the Manifest Neec. Questionnaire, and action vs. state orientation. These topics
will not be addressed in this paper.

Questionnaires were adininistered 1n classroo'n settings by SWOS instructors. Admimistrators were given a set of
instructions to read to the students before filling out questionnaires. Students were assured that all snforrmation was
confidential.

RESULTS

Does Leadership Training Really Make a Ihfference?

An important question in this study had to do with the merit of leadership traiming--does 1t really make a atfference”
Results indicated that leadership trarning 1s impoartant to preparedness. A number of afferent analyses forrned the basis
of tus conclusion. First, the relationshup between new students' reports of their training and preparedness wery
correlated. As expected, the correlations between these two indicators were quite high (5 to .7). At least in the
students’ ninds tney see their training as related to their levels of preparedness.

Second, analyses indicated that students' perceptions of their Jeadership training and preparation were more relate?
to their feelings of preparation to go to war 1f necessary than were taeir self-rated leadership abilities. Preparation to go
to war 1s not only determined by ability; traiming has an impact,

Third, a number of open-ended conments provided by new students indicated that they felt they needed more
leadership training, especially tn the interpersonal aspects, 1 order to best assuine their role as division of ficer.

Fourth, 98 students were questioned before and after LMET about their leadership training and preparedness. On tae
basts of paired t-tests, 14 of the 21 .te'ns neassring different aspects of leadership preparedness showed significas:
improvernents as a function of LMET. \any i1t ns had differences greater than a standard deviation. Specifics of thesc
differences wili be discussed in a later section,

W nat Leadersh.n Tramning is Provided”

Tramung at the om Sy 003 Sources

The level of leadersup trarung new olfiZers rece.ved e 116 1IreC Nalo” L0 NIMISSIINING Sodrces was of particular
concern in this studv. Table 2 presents 3 hist »f the leadership training and preparation topics assessed and indicates the
areas where offizers felt 105t anc least traned and prepared. [ geaeral, officers entering SWIS felt they were trainea
"to so ne extent” (the nidpoint 01 the scaie wnch ranged fror [, "not at all,” to 5, "to a very large extent”) .n niost
aspects of leadersnup. Tne overall levels of per_eived preparatisn were so newnat mgher (X = 3.6).
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Table 2

Leadership Training and Preparation Topics Vieasured and
Extre ne Averages By Commissioning Source

New SWOS Students® Greatest
USNA [o el NROTC Improvement
'lrng Prep |':ng Prep Trng Prep after LMET
(N = 196) (N=37) (N = 250) (N = 98)
a. Making the transition from the
Naval Academy, OCS or NROTC
to the operational Navy
b. Taking responsdility for a
division of enlisted personne!l
c. Understanding Navy procedures
and protocol 3.5
d. Relieving the division officer in
your first  division officer
assignrnent 2.8 2.9 2.7 3.0 X
e. Knowing how to tnotivate
enlisted personnel X
f. Performing the  paperwork
requireinents as a  division
officer (PMS, PQS, etc.} 2.5 2.7 2.5 3.0 2.6 2.8
g. Managing your tirne and setting
priorities when you have a heavy
worklaad L' 4.3 3.6 39 3.6 39
h. Talking to a large group of
people who work for yos
1. Briefing your superior, or the CO
about an 1ssue 1n your division X
J.  Counseling subordinates about
personal :natters 2.4
k. Counseling poor perforiners 2.4 33 X
I, Handling alcohol and drug abuse
problems amnong your
subordinates 1.3
m, Resolving conflizts amnong your
crew meinbers 27
n. Listening effectively 39 3.9
o, Managing stress f{.e., lack of
sleep, disappointing your boss,
overwork, confhcts) 4.1 4.2 34
p. Communicating with  people
effectively 39 3.9
q. Denonst-ating concern for your
subordinates
t.  Setting goals al 6.2 3.7
s.  Planning work “h 4.1 3.5
t.  Interacting with Chiefs 11 your
division 2.7 31 X
u. Rewarding and disziplining vour .
subordinates X

aOnly areas with highest and fow 3t average levels of traiung or preparation are presented in this table. 3
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The levels of traiing differed across commissioning sources in 18 of 21 areas. For the mnost part, Naval Acadeiny
(USNA) graduates felt better trained than those from Naval Reserve Officer Training Corps (NROTC) or Officer
Candidate School (OCS), and OCS graduates generally felt least trained. A noteworthy exception to this was training in
how to interact with chiefs in the division. In this area, NROTC graduates felt best trained and Naval Academy graduates
felt they had received httle training,

The aspects of leadership in which new SR OS students, across commissioning sources, felt they had received the most
training and were nost prepared were "managing time" and "setting priorities with a heavy workload." Naval Academy
graduates, 1n addition, felt well trained and prepared in terins of managing stress, setting goals and planning work.
Graduates of OCS and NROTC, however, felt inore prepared in areas of listening effectively and communicating
effectively with people than they did in setting goals and planning work.

Areas where new SWOS students felt least prepared were "relieving the division officer" and "performing paperwork
requirements.” Those from OCS also reported little training in terms of “counseling subordinates,” although they felt
prepared to some extent to o this,

Although not reflected in Table 2, when examining the levels of training and preparation on the more interpersonal
aspects of leadership (e.g., knowing how to motivate subordinates, briefing superiors, counseling subordinates), the levels
of training were rather low, and the levels of preparation were moderate. This was especially true for graduates of
NROTC and OCS.

It appears that in general, students leaving the commissioning sources feel better prepared in terins of managenial
type skills (goal-setting and planning) than in the interpersonal aspects of leadership (counseling and disciplining).

LMET Training at SWOS

The results of LMET training improve this state of affairs to some extent (see Table 2). Leadership areas which
showed the greatest unprovements as a result of LMET were "motivating enlisted personnel,” "talking comfortably before
a large group,” "counseling poor performers,” "interacting with chiefs in your division," "rewarding and disciplining
subordinates,” and "relieving the division officer."

Also of interest were two 1temns in which perceptions of the levels of training decreased from time | to time 2, These
areas were "understanding Navy procedures and protocol" and "performing the paperwork requirements as a division
officer.” It seemns Likely that LMET served as a realistic preview and made officers aware of the large amount they didn't
know in these areas.

Self-Ratings of Leadership Ability

While the majority of students' perceptions of their leadership training differed significantly across commissioning
sources, self-ratings of leadership ability in eleven areas did not differ.

The ares in which all students felt inost capable was in "doing whatever it takes to get the job done." Aspects of
leadership 1n which students feit least capable were “"speaking comfortably in front of a group,” and "motivating
subordinates to do jobs they don't want to do.” In general, officers feel more able to perform managerial duties than to
handle the ‘nore interpersonal aspects of their leadership role.

The leadership ability ratings of Academy graduates were somewhat surprising, While Academy graduates felt better
trained and better prepared than graduates of the other two commissioning sources, they did not rate their leadership
abthities any higher. This see ns to dispel, to some extent, the stereotype that Academy graduates have trouble adjusting
1in their first tour as division officers due to an over-confidence. It also suggests that abilities are not the only factor
relevant to how well prepared cificers feel they are. Training does play a role,

Additional Findings of Interest

Who or What Influenced Leadership Skills?

New SWOS students were asked the extent to which classroom instruction, examples of military leaders, experience
leading others, as well as things they learned before they entered USNA, OCS or NROTC influenced the leadership skills
they had acquired. Academy and NROTC graduates felt examnples of military leaders and experience leading people were
most influential, OCS graduates felt they had been most influenced by things they learned before attending OCS. OCS
graduates also tended to feel their levels of training had been low in comparison to their levels of preparation, This
supports the conclusion that OCS graduates feel their leadership skills are less a function of their officer training than do
those who go through NROTC or the Naval Academy. (This 1s not surprising when the fength of these officer training i
programs 1s considered (i.e., four 'nonths for OCS as opposed to four years for USNA and NROTC).) All three groups felt :
classroom instraction was least influential, though they still reported it influenced the'n "to soine extent." !
1
|

Assuwming ifferent Leadership Roles

Functionng effectively as a naval officer encoinpasses a nunber of different leadership roles. The officer rnus:
function as a leader of others, a technician, a professional, and, at ti‘nes, a warrior. SWOS students were asked how well 1
prepared they felt to assune each of these roles (see Table 3). Students fro'n all commissioning sources, at SWOS for the
first day, felt .nost prepared to assuine the role of professional, and least well prepared to assuine the role of technician.
Jne might expect that 1+ weeks of intense SWO traming would tnprove officers' confidence in their preparation to
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assuine the role of technician, hut the sample of students questioned on their last day of SWOS also felt least prepared to
assuine the role of techmcian when compared to the other three roles, This may be because officers are trained to
manage technicians rather than to develop technical expertise. Alternatively, their traiing may serve to make them
aware of how much there is to know,

The overall levels of preparedness to go to war 1f necessary were fairly high (X = 3.6). All 21 aspects of leadership
tratning were significantly related to preparation to go to war. The training variables most highly correlated with
preparation to go to war were in areas of motivating enlisted personnel, handling alcohol and drug abuse problems,
resolving conflicts and planning work. These correlations were all approximately .26.

Tabte 3

Average Levels of Preparation to Assume Diverse Leadership Roles
Before and After SWO Training by Commissioning Source

New SWOS Students SWOS Graduates
USNA ICS NROTC Overal! USNA 0oCs NROTC Overal!
Leadership Role (N = 196) (N=137 (N=249)  (N=482) (N=5 (N=86) (Nz=3) (N=125)
Technician 3.4 3.2 3.1 3.2 'R 2.9 3.0 3.0
Professional 4.3 3.9 3.9 4.0 4,2 3.6 3.9 3.7
Leader 3.9 3.4 3.7 3.8 3.8 3.5 3.7 3.5

Prepared to go
to war 3.8 3.8 3.5 3.6 4.0 3.6 3.6 3.6

Acadeinic Major and Leadership Preparedness

The Secretary of the Navy, John Lehman, and others have suggested that a strict science and engineering curriculum
may be too academically narrow to provide new officers with the well-rounded education they need to he good leaders.
To address this question, correlations were coinputed between academic major (science and engineering vs. other) and
students’ perceptions of their leadership training, preparation and abihity. (These correlations were partlal correlations
controlling for commissioning source.) No significant relationships were found between academic major and training,
preparation or ability. Since the measures of leadership are all self-report, they must be treated with some caution, but
nonetheless, no relationships energed.

DISCUSSION

It was encouraging to discover that students felt their training influenced their levels of preparation to become
leaders, and that they believed classroom instraction was useful. It was also interesting that academic major had no
relationshup to students' perceptions of their leadership preparation or leadership abilities. The stereotype that science
majors have narrow academic experiences and, therefore, tend to be less sensitive to interpersonal concerns was not
supported.

Of particular interest were the traiming i1ssues addressed. 1t appears that each of the commussioning sources are
preparing new officers to sone extent to assuine their leadership responsibilities. The bulk of this training seems to
1npact managerial skills rather than the inore interpersonal leadership skills, LMET at SWOS furthers this leadership
preraration with a positive impact on the interpersonal dunensions, 1f the Navy's goal 1s to provide the most efficient
training pipeline, 1t appears that the comnmissioning sources would do well to concentrate formal leadership training in the
managerial s'alls, leaving the interpersonal skills to LMET. This would be an nnprovement over providing minimal training
in all areas at both schools. It also see'ns that an interpersonal perspective in managerial training would be worthwhile
(e.g., planming work and setting goals for subordinates). Further, while the length and inethod of the training experiences
differ at the various conmissioning sources, they would do well to agree on a standard set of leadership issues to be
addressed 1n leadership training and do the.n as well as possible in the time frame provided.

While the findings fro'n this study are based on self-report they are suggestive of issues worthy of future pursuit,
This work will be followed up with input from SWOS instructors as to students’ leadership abilities, an evaluation of the
shortened LMET curriculum and optunally, a one-year follow up of individual performance in the fleet,
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Leadership Development
of USAF Aircraft Maintenance Officers

Captain Michael A. Morabito
437th Organizational Maintenance Squadron, Charleston AFB, SC

Captain Benjamin L. Dilla
Air Force Institute of Technology, Wright-Patterson AFB, CH

A sample of 320 Air Force aircraft maintenance officers (AMOs) were
surveyed using the updated version of Yukl's Manageria] Behavior Survey (MBS),
to measure leader behavior of the AMO's superior officer, and other scales
focusing on the AMO's perception of his/her own leadership development.
Specific developument methods used by AMOs and the perceived importance of each
were explored, Furthermore, suggestions were collected on ways to improve
development methods available to them in the Air Force. The leadership
development activities were correlated with the superior's leader behavior and
with demographic and ¢rganizational variables. The personal factors of age
and rank were found to be associated with leadership development.
Participation in 8 of 19 leadership activities correlated significantly with
the degree of importance placed on the activities. Analysis of the MBS
results indicated certain categories of the superior's leader behavior were
significaently associated with the perceived “eadership cevelopment of the AMO.

Introduction

Leadership is a constant concern in the military environment, yet very
little is known about how leaders are developed. The overall objective of
this research was to identify methods of leadership development used by Air
Force officers, specifically junior aircraft maintenance officers (AMOs), with
special interest in the impact of the immediate superior's leader behavior on
the junior officer's development.

For the purposes of this research, leadership is defined as a dynamic,
goal-directed process of influence between leader and follower, including the
interaction of each with the situation (Yukl, 1981). Leadership development
is broadly defined as any method or activity used by individuals to enhance
their personal ability to influence subordinates toward goal accomplishment.

_— 7

L

i Leadership Theory and Research

The subject of leadership has been addressed by many scholars from
ancient times to the present. One of the major approaches which has been key
) in understanding the concept is the leader behavior approach. Research at
. Ohio State University resulted in identification of the classic dimensions of
consideration and initiation of structure (Halpin and Winer, 1957), while
efforts by the University of Michigan Survey Research Center produced the
L distinction of job-centered and employec-centered leadership (Likert, 1961)
and, later, the four categories of support, interaction facilitation, goal
emphasis, and work facilitation (Bowers & Seashore, 1966). These categori-
zations, although important in developing an understanding of leadership and
still used today in the context of some of the situational theories, are not
without their problems.
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One of the r2y issues has been the recognition that ". . . these broadly
defined categories provide too general and simplistic a picture of leadership.
Tney fail to caepture the great diversity of behavior requira2d by most <inds of
managers and administrators" (Yukl, 1981, p. 120). This realization led Yukl
ind his cgclleagues to develop a more comprehensive categorization, which
currently includes 13 dimensions. According to Yukl, "The advantage of the
new taxonomy i3 that it has a larger number of mcre specific behavior
categories than earlier ones, and it includes most behaviors found to be
important in leadership research" (Yukl, 1981, n. 128). Because of these
advantages, Yukl's Managerial Behavior Survey (M3S) was selected for the
description of superior officers' leader behavior in this research.

Military Leadersiip Development

Studies of the process of leadership development in the military services
nas focased primarily on professional military education (PME) or other formal
programs. The Air Force has essentially come full circle in their philosophy
of educating leaders in the past 12-15 years. Reports in th2 1970s expressed
concern by seanior officers on the need for devalopment of technical and
management skills (Dobias, 1974; Robinson, 1974) and suggested better pre-
comnissioning training and even on-the-job training. Then came concern in the
late 1970s, still present today, that the Air Force had gone too far in the
tachnical training of young officers, making them more occupational than truly
professional (Gosnell, 1980). Another recent Air Force study of particular
interest emphasized the important role played by commanders in serving as
l=adership models for their subordinates (Benton, 1931). This 1mportant
concept of mentoring has been wmuch ﬁcgluvucu and even resisted by the Air
Force with its emphasis on formal programs of education and training.

Research within the U.S. Army reinforces this empnasis on the supervisor-
subordinate relationship. 1In analyzing problems in junior officer
devlopment, Wellins and others (1980) noted that a key issue was that "the
sanior officer may not toke time to supervise, guide, and correct the
performance of the new lieut=nant” (p. 5). Another important study conducted
within the Army concluded that the most successful leader training results
from experiential proce<ses ("learning by doing") rather than analytical or
procedural processes (Shriver et al., 1980).

Perhaps the most revealing obsacvation from a review of the literature on
leadership theory and leadersihip development is that there has been little if
any research to identify methods which present or prospective leaders actually
use far leadership development. To identify thesc methods and their relative
usefalness for a specific group of leaders was the focus of this research.

Methodology

The original population of interest was all U.S. Air Force aircraft
naintenance of ficers serving in the grade of lieutenant or captain. For
practical considerations, this was narrowed Lo those serving in the
conrtinental United States (CONUS) in the three largast major commands--
Military Airlift Command (MAC), Strategic Air Zommand (SAC), and Tactical Air
Command (TAC). Generalization of the findings of this research should be
Fimit2d to these specific population parametars. According to official

sources, the population size was 730 officers. Air Force officials avthorized
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surveys for a random sample of 320 individuals to allow for a 95 percent
confidence level.

Procedure

Surveys were mailed to officers at their duty addresses, accompanied by a
cover letter signed by the Dean of the School of Systems and Logistics, Air
Force Institute of Technology (AFIT/LS). Participation was voluntary, and
respondents were assured of anonymity. Respondents were asked to complete and
return an optical scanning sheet for the standard survey items. Space for
comments and suggestions was provided at several points in the questionnaire
booklet. Respondents were instructed to return all materials in a postage-
paid return envelope.

Measures

The MBS, provided by Ur. Gary A. Yukl of the Business School, State
University of New York at Albany, was used to assess subordinate perceptions
of their supericr officer's leader behavior. This instrument measures the
frequency of 130 leader behaviors (ten items in each of thirteen categories).

The rest of the survey was composed of items written especially for this
research effort. It included: (a) standard demographic information, including
sex, age, source of commission, rank, major command, prior service, and
organization/level (7 items); (b) perceived extent of leadership development
(4 items); (c) immediate superior's leadership effectiveness (1 item);

(d) perceived importance of leadership development activities (18 items); and
(e) extent of involvement in leadership development activities (15 items).
Items on PME completed by different methods were grouped together in section
e, producing a smaller number of items than in section d.

Results

Respondent Profile

From the random sample of 320 officers, 185 usable surveys were returned,
for a return rate of 57.8%. This was considered reasonably good since the
survey package contained 27 pages and 190 items. The sample was predominantly
male (84%) with the median age category being 30-34 years. Most received their
commission from Officer Training School (58%) vice ROTC (37%) or USAFA (4%).
Consistent with this pattern, the majority had prior enlisted service (56%).
Almost half (48%) were captains, with about an equal split among the rest
between second lieutenant (26%) and first lieutenant (25%). Half were
assigned to TAC (51%) with the rest divided almost equally between SAC (25%)
and MAC (24%). The largest number were assigned to Organizational Maintenance
or Aircraft Generation Squadrons (37%); almost two thirds (65%) were assigned
to the unit level versus the DCM staff or a higher headquarters.

Leadership Development Activities

Respondents were asked to rate the perceived importance of leadership
development activities on a five-point scale ranging from "not important" (1)
to "extremely important" (5). They were later asked to indicate their
completion of certain activities (e.g., Squadron Officer School) or extent of
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involvement in other ongoing endeavors (e.g., number of hours per week spent
in personal study of leadership). Results are summarized in Table 1.

Tabie 1
Leadgership Development Activities

MEAR

IMPORTANCE INVOL VEMENT
ALTIVITY RATING {Average or Percent)

Leadership of NLOS 4.21 0.60 Times/Week
Ubservation of Superiors 4.1% 4.1Y Times/Heek

TuY Veployments 4.1% 3.83 Weeks/Year
Leadersnip of Airmen 4,u8 6.05 Times/Heek
Leadersnip of Peers .91 4.07 Tames/week
ACSC 1 Resadence {.4b C.0%X Have Attendea
Other Leadership Activities 31,39 2.23 Hours/Week
AUSC by Semingr 3,12 8.6% Have Lompleted
braduate Degree 1.7 ¢9.7% Have Completed
Personal teadership Study 090 i.73 Hours/Week
ACSC Ly Correspondence R 5.4% Have Completed
Spurts Leadership S013 1.7 Hours/Week
Uther AF-Related Activities ROVE] V.67 Hours/Weex
Comnunity Leadersmip RIS 1.02 Hours/Heek
Professional Org. Leadership .68 1.02 hours/wWeek
Church Leadership <. 06 C.0Y Hours/Week

SOS 1n Residence 2.0l 34.6% Have Attended
LPOP eoh3 15.1% Have Completed
SOS by Correspondence 229 34.0% Have Completed

The most important activities to the AMOS were their working experiences
with NCOs, airmen, superior officers and peers, and on TDY deployments. The
least important in their eyes were the formal programs which are typically
2mphasized in official circles. These included the Lieutenants Professional
Development Program {LPDP) and PME, especially by correspondence.

Chi-square tests were employed to determine if any significant
relationships existed between the rated importance of leadership development
activities and the extent of involvement in those activities. Eight of the
ninet2en leadership development activities were found to have a statistically
dependent relationship at the .05 level of significance. They were:
leadership of NCOs, TDY deployments, cther leadership activities, graduate
degree, personal leadership study, other Air Force related activities,
professional organization leadership, and church leadership. These activities
spanned the spectrum of involvement ratings and level of involvement, so no
pattern was obvious. The findings could be interpreted to say that the
officers perform a given activity because they perceive its importance in
developing their leadership ability or that the activity is rated as being
important simply because the officers are involved in it.

Before using the MBS results, internal consistency reliabilities were
computed for each of the thirteen scales; all were .86 or greater. Also,
means and standard deviations of the scale variables (formed by summing the
ten item scores for each scale) were computed to provide a picture of the
average leader behavior of the superior officers. Results are summarized in
Table 2. 2f interest in the present context was the fact that "developing"
hehavior was one of the lowest rated categories.
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fable ¢
Manayger 13l sehastur urvey

teader sehgatur Soale Cronlnn's Standerd
AL b ca) A ke Meen Desigtion
Suppor Lang 43 Z.co .70
Provlem Solving & Crisis Mgt. LM 2.7/8 .03
Intertacing R 2.08 .669
Representing Y2 2.6 .70u
{ntorming .Y Z.0d . 684
Consulting & Delegating .l 2.58 .00
Momitoring Uperatiors o 2.5l .656
Harmon121ng & Team-Building 93 2.49 .747
Recognizing & Reaarding N ¢ 48 .1/0
Planning & Grgemizing .91 2.40 755
Motivating Task Comnitnent R 2.33 L7131
Developing 92 2.7 797
Llarifying Roles & Jbjectlives .90 2.2 .765

Next, a set of correlations were computad between the AMO's perceived
leadersnip development and the reported leader behavior of the superior
officer. The hypothesis was that some types of leader behavior (e.g.,
developing, consulting and delegating, recognizing and rewarding) would be
positively related to the subordinate's leadership development. In fact, all
of the correlations between the MBS scales and self-rated leadership
development were negative. Nine of the thirteen were statistically
significant at the .05 level; however, the largast negative correlation was
oniy -.19 (for “supporting® behavior).

Personal Determinants of Leacership Development

The final major analysis was accomplished to determine if there were any
relationships between the demographic items and leadership development by the
A9, A one-way AHOVA was used for each of the categorical variables with
perceivad leadership development as the dependent variable. The ANQOVA for
rank resulted in significant differences between group means (p<.02), while
there was a marginally significant difference for prior enlisted service
(p<.09). 1In both cases, greater experience (as indicated by higher rank and
orior service) was associated with greatar leadership development.

Discussion

devu]opment. The AMOS in th1s study placed th° hlghest 1mportance on their
Jorking relationships with airmen, NCOs, and peers, their observation of ;
suparior officers, and their experiences on TOY deployments. Furthermore, i
these were the activities in which they reported the greatest involvement. 1
These results were also supported by demographic data which indicated greater
perceived leadership development for those having higher rank and those having
prior enlisted service. It would appear that the old adage, "there's no
substitute for experience", is indeed true when it comes to leadership.

A striking result on the opposite end of the spectrum was the
conparatively loa ratings given to formal davelopment programs such as LPDP 1
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and PML, esnecrally for the correspondence versions. These trends were
supported by many of the aritten comneats wnich emphasized the need for
2xparieatizl training.

Even other varieties of leadarship z«perience, e.g. in the community,
churches and profession3) organizations, received relatively low ratings
Versys those ¢at2gories which were specific to the job. These trends would
se2m Lo support the now w2il-accepted situational aspect of leadership.
Zxperience, to be most effective, should be specific to the job environment.

A surprising outcome was the negative correlations obsarved between the
suparior's 12adarship behavior and leadership development of the subordinate.
It was expected that at least some forms of leader behavior would enhance the
AMQ's leadership development. The negative relationship observed could be
explainad 1n st least two ways. They could indicate that if a junior officer
has Jevaloped w211 as a leader, then the superior does iess leading and allows
the jJumior officer to lead. Another possible explanation is that the more tha
AM0s feel tney have developed ¢s leader, the more critical they are of the
saperior's leader behavior.

This researcih focused on rather global issues of leadership development,
specifically in the aircraft @aintenance career field. Much has been learned;
however, many questions remain, Future research should further examine the
r2lative wortn of different methods of leadership development; such trends
should be exaninad in various settings with different groups aof leaders. A
Critz2ripgn n2asure more objective than self-rated leadership development would
te particularly useful n follow-on work.
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as well as a feedback process that establishes an
125
T R A S e T T AT AN et B e T e e T T AR N S SRR G M S e . ok
N N L U R« P O g e N N S P A T )
’:J“ bl 'n&&""}\,' MM 2NN WO AR A S ol S S )‘L'.:‘)"..,“‘ '.;ﬁ%'{r-"x‘.:};&_‘.h?_j:v}_ 'ﬂfi:v‘:&*&;:}‘h

Performance of students using AMBTS is being compared to
that of students receiving the traditional instruction.
Additionally, a sample of students will be followed into the
fleet to determine if performance differences persist in the
job environment.

AMBTS in Pierside and Reserve Training

The second initiative grew out of the technology of the
first, but focuses upon the pierside and reserve community
components of the training continuum. The issues here are
not the effectiveness and efficiency of initial skill
training but rather maintenance of skills, recertification
of individuals returning to sea after protracted shore
assignments, and gualification of teams whose players must
learn to coordinate their individual skills to maximize team
efforts. The fact that the Reserves must accomplish this
trarning at remote sites exacerbates these problems for
them.

AMBTS is the medium for accompliching the training: however,
a method for assescsing individual performance and
prescribing follow-cn or refresher training must be added to
the capability of the basic program. Through this
application of the technology, we hope to learn how to apply
what is known about the retention of learning. This will
heip us design acceptability strategies which can be applied
in the fleet and the reserve community where there is a good
deal of skepticism about technology’s value as an
instructional tool.

Training Continuum Strategies

The third i1nitiative is 1n an entirely different training
arena, but builds upon the training concepts of the second
initirative. In this case, the implementation model focuses
not upon the learning and maintaining of technical skills
but on the educational requirements of the officer accession
continuum. We have selected an instructional continuum that
begins with a Navy school preparing potential NROTC students
for the coll!ege envircnment, to the NROTC itself, to the
follow-on warfare schools, and, ultimately, to the fleet.

The process for making this continuum operate more
effectively includes: (i) assessing individual
capabilities at each school level against required
developmental and professional skills; (2) intervening at
each point along the way to close deficiency gaps through
the application of computer-based modules and other good
support practices (including peer tutoring): and, (3)
providing follow-ocn assesswment and deficiency prescriptions
to the next echoolhouse which can then continue the
remediation/development process.

Through thi1s i1nteraction among those responsible for
training along the continuum, we seek to add a "feedforward"
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accountability for value added at each follow-on school. If
vie are successful at packaging thece techniques, we will
have 1n place the basic ingredients of a true training
continuum which should becone the basis for all Navy
training in the future. PFerhaps we can then, at last,
reduce the 1mpact that manpower and personnel policies have
upon training performance and concentrate upon helping
pecple learn what they need to know -- without wasting time
on blame.

TT! has other initiatives underway. These i1nclude the
identification of applications for smoke generators in
Reserve training, the employment of artificially generated
s:gnals in gram analysis training i1n Navy settings, and the
development and implementation of a Navy-related functicnal
skills math and reading curriculum.

The purpose of all these early i1nitiatives 1s to package
existing technologies and instructional materials into
meaningful instructional delivery systems. These systems
are tailored to the unique instructional environments along
the continuum and enjoy the credibility and acceptability of
schoolhouse 1nstructors and fleet supervisors. As we
continue to 1mprove this packaging process and couple it
with such deiivery concepts as requalification, we come
closer to exploiting our abil:ty to intervene in the
capability of people to perform. We can then allocate our
recources on continually assessing, building upon, and
sustaining skill development as the cornerstone for fleet
readiness.

IMPLEMENTATION LESSONS

During planning, 1nitiating, and executing several
implementation projects, TTI encountered recurring issues
and problems. By examining and trying to solve them, we

uncovered lessons that should be heeded during systematic
implementation. These lessons are consistently found and
persistent enough that even the obvious ones should be
discussed and all should be incorporated into overall
implementation models. Atiending to them leads to nothing
more than good implementation practices.

1. The difficulty of implementing technology is
continually underestimated.

This 1s a self-evident truth, but one that 1s generally
1gnored. Researchers and operators in both the military and
civilian communities continually underestimate the
difficulty of implementing technology. Researchers and
operators have different goals and interests; therefore,
just recognizing that the process 1s not likely to solve the
problen.

Perhaps this 1s why we are seeing a new breed of
professional; and the lesson is we mucst encourage the
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development of these people -- opeople who can stand,
however shakily, with one foot in the the research
laboratory and the other in the operational environment.
These speciaiists, employing these emerging implementation
skills, can bring the transitioning process to a level of
sophistication which will build a climate of operator
acceptance and ownership. Maintaining this climate
throughout dissemination, will! best contribute to the
sustainability of new training technology and techniques in
the classroom.

2. The capability of technology to improve training
shouid not be exaggerated.

This second lesson highlights a principle which has long
been discussed with regard to 1nnovation but is often
overlooked in practice. The training equipment that can be
uncovered i1n military salvage depots 1s testimony to our
willingness to embrace new technologies as panaceas and our
subsequent disillusionment with them.

Similarly, 1n our zeal to adhere to the letter of our
instructional systems design law we have too often confused
fam:liar:1ty with mastery. We have also overlooked the
impact of forgetting on initial performance in an
operational setting. It is now apparent that exaggerated
claims of improved performance, often accompanied by poorly
utilized computer technology. helped to undermine the
credibility of those endeavors with operators who knew
better. This frequently resulted in animosity toward the 18D
process and the techniques and technologies it promoted.

At the beginning of every implementation endeavor we are
wall advised to realistically fermulate promises and use
technology i1n supporting roles and as tools where
appropriate. Our initiatives at TTI incorporate this
advice.

3. Goales determining hardware and software uses must
be carefully defined.

[t is important to have goals that determine hardware and
software uses. What we are learning, however, is that we
must use great care not to structure our goals too narrowly
around near term cost and training benefits as we perceive
them which may, in turn, restrict our our ultimate
flexi1bility.

As we get better at recognizing technology linkages, there
will be numerous opportunities to build one system upon
another. In this way we can expand the applications for
individual team and crew training uses as well as leapfrog
those applications from the schoolhouse to shipboard
environments. However, it will be difficult to fully
exploit these possibilities if we have been overly
restrictive 1n our early-on goal setting and front-end
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analysts processes. We must improve our abilities to
perform trade-off analysis and take risks.

4. Technical skills must be acquired in order to
implement technologies successfuliy.

Trainers and 1mplementers may have an edge over others when
1t comes to analyzing the capabiiities of technologies to
improve training, but spec:fic hardware decistions are often
out of our realm of expertise. We need people who know
about hardware configurations -- people who can provide
guidance 1n ordering equipment and helping us with hook-up,
operating, and maintenance problems.

The role of these people 1ncludes the development of quality
controls 1n the acquisition, use, and maintenance of
nardware and materials, and monitoring vendor performance.
There :s no reason to tolerate the shoddy performance that
many of us have experienced in training systems technology.
We shouid use these people to develop stringent, enforceable
guairty controls across the board.

POLICY [SSUES

Qur early attempts to move technology from research to
implementation brought two policy issues into bold relief,
If our 1nitiatives are to be optimally successful we must
deal with both the issue of a funding continuum to accompany
the R&D continuum and with procurement issues.

Funding Continuum [ssue

As an R&D product moves from exploratory research to
engineering development, to prototype demonstration, to
p.lot testing, and, finally, to full-scatle implementation, a
systematic funding continuum te acsure this orderly progress
15 essential but currentiy lacking. To establish this
funding continuum we must begin by identifying clearly
s+ated, broadly kased umbrella~-type research categories
under wh:ch specific projects can be grouped. These
categeries should be derived primarily from senior officers
responeible for trarning who should review the categories
periodicaily n order to renew their commitment or change
them as a result of changing nil:itary priorities,

Cpecific RED projects will fall under these umbrella
categories where they will be orioritized and appear as a
totuily funded package through the 6.4 funding level. This
pariion of the continuum must then be coupled with follow-on
operating doliars, inttially 1n the {orm of wedges. As the
budget year comes c¢loser, these wedges will give way to the
more specific disseminatiron and li1fe cycle requirements
emerg:ng from the 6.4 accompitshmentsg
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Without this kind of funding continuity we will never fully
real:ze the potentiral that research-baced instructional
technigues and technologies hold for improved performance.

Procurement lssues

Software and hardware procurement and maintenance issues can
no tonger tolerate policy neutrality. In the early stages
of transitioning R&D f{rom the laboratory to the classroom,
tratner:s must be formally invelved 1n the procurement
process., There are too many training issues involved in
purvhasing decisions (and many qualiity control initiatives)
to teave technology sk:lled trainers out of the process.

Fur ther, we nmust weigh the advantages and disadvantages of
the centralized/decentralized issue in upgrading and
mainta.ning software and courseware. To date, each
.wplementation project has found its own, not always
satisfactory, solution to this problem. We must consolidate
the xnowledge gained by these projects and prepare
cttandardized, supportiable policy on this issue.

ly, policy matters associated with life cycle costing
1y concerns those responcsible for training in the

room and at pierside. How these policies evolve 1s

ely tied to the credibility and acceptability technology
icatione will! enjoy among our military colleagues.
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CONCLUSION

We 1n Navy training have embarked upon i1mplementation in a
formal way. We believe this to be good, sensible, and even
wise. However, we suspect that our initiatives, our
expertence, and our policy concerns differ little from
others’

The tacsik before us, then, is to learn how to learn from each
other; to share what we know; and to build on each other’s
experiences. How well we do these things will determine how
well we fulfill our goals in the struggle to be more
effective 1n a world of scarce resources where so much
depends on human performance.
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Research Needs Assessment aud Technology Transter in USAREUR

Karol Girdler ond LTC Ford iicLain
L.S5. Army Research Institute

In Vctober 1984, the Army Research Institute (ARL) Field Unit in the
L.S. wray Eatupe 7TUSAREUR) ended its programmatic research activities, and
1t was redesignated ao a Scientitic Coordination Ottice (SCO). The primary
missivi. ot the urganization became resedarch ueeds assessment and technology
trauster. Technology meaus sclientitic knowledge 1n the form ot hardware,
prucesses, umethods or i1deas. Here, technology trauster refers to the
dpplication ol techaolugy produced by ARIL rescarchers Lor a new user and in
some cases, putting old results to new use. Siuce one-third ot the U.S.
Army 1> stdtloned 1n Europe aund numerous ARI techuologies are developed tor
use by the active Army in the rield, 1t 1s essential that products be
trausrerred aud needs be considered within this setting. While ideatifying
research ueeds and promotiang technology trauster, we have identified gaps in
what should be @ comprehensive research and development (R&D) management
process. The purpose of this paper is to clarity the need for an R&D
aanagement .pproach which is accouutable for research including needs
assessment and product utilization with teedback froa the user.

Highlighted here are our conclusious developed as we searched for a
model against which we could test our experiences iu neris assessment and
with which to guide and judge our effectiveness in disscainating knowledge
and tacilitating implementation ot research products in an operational
setting. In searchiag tor a model, we were, in part, seeking to define the
role ot aud the support system needed for those who carry out these
tunctions in the military setting.

Mssemluat ton ot research results, utilization aad the relatiouship to
deeds dassessment are not new [deas. A great Jdeal has been written on ways
to Jdisseminate kinowledge anu get it used, and about the critical variables,
barriers and gateways to be encountered. Glaser (1983) compiled an
extensive review ol research on the topics and reviewed several umodels. The
bibliography aloue 15 162 pages. The demand tor better needs assessment
daualysis and product utilization i1n the military, in particular, have been
addressed by mlitary psychologists such as Freda (1980) and Shields (1977).
For example, Shields tound that some technology is under-utilized or totally
rejected by the Latended users because the need tor the product did not
ex1st, the product was tlawed trom a user standpoint, or the researcher or
developer did not attend to the complete process of R&D management.

What 1s new here are our discoveries ot what is possible uow, and what
turther support is regulred as we pertorm these functions in an operational
enviromnent. Also unique is that we may be the only unit in the R&D
community with these tunctions as the wain wmission ot the organization.

This paper 1s du upolticial document inteuded tor limited distribution to
obtain comments. The views, opinlons, aund/ot tindings contained in this
documcut are those o1 the authors aund should ot be construed as the
otticial position ot ART or as an otficial Department o} the Army position,
policy, or decisiou.
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We have speculated and forayed into our envirounment with a auwnber of
simultaneous actions in accomplishing our mission. We have had successes,
aud a: all times we have come back te the central question of how our
activities do rit or should fit into s oystem of R&D management and 2 model
ot knowledge utilization. Our aim is to @o more than "muddle through” with
occasional immediate successes; it is io influence the further
1nstituttonalication or our activities and provide wider support for such
action throughcut the military and the R&D community. Within the military,
centralized management ot R&D may be too big to handie; but, a change in the
sequencing of and habitual relationships within the R&D community and
between R&D people anu users still needs to be considered.

Que way to provide 1ustitutionalizatiou oif R&D management tor this
purpose 1s on a case-by-case basis, that 1s, a case management system for
tesearch products. It such longitudinal management existed in a clearer,
more concise torm, to include greater iravolvement with the users, we would
be 1n a better positicn than we are now. However, our experience suggests
tuo us that product case management may not be the most effective procedure.
Such a potentially regulation-based system could solidify horizontal
communication in organizations or result in paperwork drills. 1In addition,
the concentration .n a product-based system could limit the perception and
creativity ot those responsible. The longitudinal mindset of such a system
could lead managers to see R&D managewent as a process where each product
has a detinite start and end uncounected to other products auad issues.
Rather than a product case management process, the ultimate support system
tor scientists engaged in these activities would recognize research needs
assessment and technology transter as two sides of one coin, the activities
occurring 1n a cycle and occurring simultaneously for many products. The
common element to be maunuged in this setting of multiple activities could be
not products, but concepts in relationship to central issues.

We are iuterested in institutional suppoit tor the scieantist operating
11 the role we are defining — one who deals simultaneously with a number of
user needs and research products and seeks to bring products to the intended
user, as well as others who could beunefit trom the knowledge. At the same
time, tatormation is transmitted about new users and new needs to those
scleulists producing technology. These pveeds might be auswered with new
rescarch or existing products which can be implemented. This in turn may
suggest dew needs relevant to the prouuct 1mplemented, as well as to other
research, so that the full cycle has occurred. 'The cycle is not performed
for oue product aud one need. The scientist may have several needs or sets
ot needs iu miud tor vdarious organizations, or several possible products and
be at various stages ot the cycle in difterent settings. R&D management
processes could create o support base tor pertoruwing these activities. The
research process which receives the most support ond management now is the
normal scientilic method or process of problem review, hypotheses
generation, etc. The role being described here ot making broader linkages
awd conuections tawmes us tu areas which are previous to problem review and
which tollow research project completion, and even follow product
utilization.

Ihe coutinutag questions are: How du we organize support for the
sclentist 1n this role? Who 1n ettect is a research manager? How do we
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}: orgdiliZze Lthe wol~ Liselt Lo aeep 1L tiexible daud aroid bureaucrdcy which

t& could stitle communicition needed to 1dentity ues uses ror technology? The

{: role s that ot a gateheeper of esiidllshed cheuaels 9f 1ntormation

N exchdnge, Qi ol a4 gateway ci2dlol Wwho mustl dacertdl, foucal points where
“gates” caun be created between the huge systems or the military and the R&D

, communlly, Where are the interldces between the twu systems most permeable

S, aad tacilitation wost likely 1o al'oy 1atorgation te be passed and used? In

*Q this age ol 1ntormation, it might requite vzl; a tew people to manage these

EQ aspecis ot the R&D process given access to the righe tools and the proper

A vaiitage point ur perspective. Tne individual 10 this role needs access to
the cuatire R&D community o asslsl 10 maaaglog fesearch in this sense. The

" Jatabase or jutormation adetwork tu support such Work needs to include not

e onl. techoical 1ntoruation abeul current products and their development, but

*Q tatormativo about 1ssues ang treads oI primary fwportance to the military

fﬁ dld lutormdtirod about new concepts oi technology.

A tew exatples wa, help show the tesder where we see opportunities to

) olgadize succeessful exchanges ot Lutormation, to tactlitate the process, and

N suggest uwdaagelent aeeded 1ot a support base. Keep Lo mind that exchange

> eans ioloraation passed both ways. In etfrect, the sciencist involved in

- this aspect ot research has two wa jor groups of “clients:”™ The R&D

}' community aand the mrlitary user.

X There are a aumber of ways new research neuds are identitied. As noted

ﬁj Jbove, aeed identirication 1» often performed simultaneously with

oy tuplementation or wnformation dissemiaatiou. At our oftice in particular,

Q- oide torm this multiple operation takes 1s what we call Technical Advisory

) Service (TAS). In this tunction, military users make requests for our
ds51sladee based on Lheir percelved operational needs, and their knowledge

\ ot our expertise which we have wade kunown tn the community.

4

t; Om tirst exauwple concerus lAS being carried out au the Warrior

L Preparation Center (WPC). The WPC 1s a juinl opecatron by USAREUR and the

. fultee States Air Force 1o Europe (USAFL) tu support command and battle
stalt trainming. The center provides training for the operational level of

7 Jalldre 1ot corps through Army Groups 10 jowat exercises with the Allied

o [iactceal Air Force (ATAF). Our crgaarzs.ion had originally apprcached WPC

‘. Lo PoussiLly ausess Jdecds dat thes wew ceater which aight be addressed by ARI

&; restdarch.  Atter tue WPC stdtt weuwbe.s becaae tamiliar with the 5CO mission,

o Luul 1oy, dud aceds ol expertise, the, began te identity operational and
developmweatal requiremeats which could be adaressed by the ARI SCO.

Iy . .

o 1 this case, eetavlisiuug o torat toashiyy and tactlitating discussions

ié wilh wPC resulted (o venetits Lo both urgeaisactons. We have been able to

j: provade short terw TAS yilelding rdeas and auswers for WPC opecational

o developument, spectiically 1 terams or data collection and data analysis.

The wores was doae by oac L) psychologist and by one scieutist "loaned” from !
ART HG tor au lateaslve sid weekh consultaiion to WPC. By applying our
Coastuliation skills gt *C aud other orgaalzatioas, we build credibility tor :
AKL 1o USAREUR and la, e toundatica tot o pusitive reception of future
rtatroduc tion ot ARD techoology, dnd we wreate surnport tor the process ob our
work., The - 2C orgauntzation helps us do our job ot ideatifying research
ieeds ds Lhey continie a dlslugue width ome outtive, iu which they describe
Catloises, Isbies 0l wedstlemedt, dud pertoviwdnce gt corps and echelon above i
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corps level. 1In the iuture, we believe we might be able to introduce to WPC
results t{rom ongoing ARL research on corps pertormance and use feedback from
WPC as guidance tor rurther research and development. The lesson learned is
tnat consultation skills and establishment ot networss or relatiouships
provide the basis tor our rele.

Our second example concerns training technology being developed by ARI
tor the Army Trainlng Battle Simulation System (ARTBASS), which is to be
icplemented as the Army's primary system ftor training battalion command
groups 1n the command and control ot cowmbat operations. ARTBASS uses a
computer to simulate unit actions and weapons eftects, and to calculate the
changing status ot personnel, equipment, ammunition and fuel in simulated
combat. The system is portable, and the Department of the Army plans to
treld enough systems to train every maneuver battalion in the active Army
and every Reserve compouneunt.

In our larger etrorts to clarify i1ssues and needs in command and
control belew corps in USAREUR, we attempted to ascertain who the users for
ARTBASS training techuology are in USAREUR and how the training technology
being developed by ARI might bte tielded along with the new system it
supports. Previous discussions with military users in the iield had led us
to 1dentiry an iwportant training issue in USAREUR: Supportive training
products rrequeatly arrive much later, ii ever, than new training systems or
new equipment. The need to make connectiouns was clear. However, our
experiences 1n the transfer or training techuology for the ARTBASS raised
more issues Lhan aasvars about the R&D process vis-a-vis our vole.

Our attempts to make linkages in USAREUR arnd to have prototype ARI
training products for the ARTBASS examined were well-received by the 7th
Arny Training Command (7ATC) in USAREUR, the primarily respoasible
organization tor 1mplementation ot ARTBASS. Uikewise, the Army Materiel
Commaud Europe (AMC) encouraged our coordination with them in their role in
tielding the system. Our informal information exchange and coordination
appeared to be holding up well within USAREUR; however, a subsequent meeting
with a representative from the U.S. Program Manager tor Training Devices (PM
TRADE ) ottice lett us with questions about our role. The representative
trom the agency primavily responsible for overseeing development and initial
unplementation ot ARTRASS was unaware of who ARI was and why coordination in
the USAREUR environment was desirable. Coordination for fielding of
training technology developed by ARI was not on the list of “things to do"
when fielding new devices. Formally, at least to this representative, ARI
was not considered as a contributor to the overall project. When we were
questioned about how centralized coordination ot training technology and new
devices was done in the States betore fielding to USAREUR, we had to respond
that we did not know. The representative's proposed efforts to rectify the
lack ol coordination were 1n terms of a centralized, one product or one case
tix, rather than a systems approach. Our coordiunation with the U.S.
representative virtually came to a halt.

At this point we are left wondering. We have been told numerous times
that new devices and equipment often arrive in USAREUR without programs of
tastruction or other types ol supportive traianing materials. At the same
time, we were often able to point to fiunished ARI products which could
assist in these situations. 1t tell to the SCO in Eurnpe to pursue the
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conneciions. We have not yet answered the questions. Should the
coordination role be assumed by a central R&D management level? Are many
decentralized ertorts necessary? When and with whom? We coutinue to build
our liunkages 1n Europe and pursus the expansion ot linsages in the entire
R&D community. It 1s pessible, however, that we will rinug ourselves outside
the system as we create our itutormzl networn.

Our third ekample concerns a product tor which our lateral
commuulcattons have identitfied potential new users, and for which we are
assistlng lu a test aud evaluation prucess to boost user tavolvement in the
product's development. The success we have {n making cononections is based
largely ou the tact that a new type of program has recently been initiated
aind based at HQ ARL to provide research product management and which
provides svie tormal mechanisms to suppurt a role such as we are developing.

The Joiutl Service R&) Program sponsored by LOD was initisted to ofter
ead users the capability to participate ta the development of prototype
techinologies. One prouduct trom this progrem under development jointly by
the Navy and Army 1s the Personal Electronic Aid ror Maintenance (PEAM).
This highly portable, 1unteractive device would replace maintenance manuals
and provide an a1d to pertormance of Organizational Maintenance. The
1n1t1al application 1s for the Tuiret Mechanic ot the Ml Abrams Tank.

Our involvement with the Joint Service prograin combined with our
awareuess ol needs and tssues 1in Europe has permitted the SCO to make
cennections which may; expand the use ot PEAM to address a related but
ditrerent need beyond its planned application. We are currently involved in
evaluating the teasibility of expanding the portable, step by step
electronic guide into versioas tor use by German maintenance mechanics who
do not use the Euglish language manuals well. In addition, other products
based on the concept of easy access to procedural knowledge might become
tnvolved 1n addressing the maintenance 1issue.

We see the PEAM example as an important aspect of the total R&D process.
Within the greater R&D community when these types of connectioas are made,
they tend to be as a result of personal eftorts and i1nterests. [In the case
ot PEAM, the Joint Service R&D Program sets the stage tor a broader view of
resesrch and developmwent. Whev this type ot R&D mauagement is combined with
the flexibiliry to share intormation and communicate about an issue
laterally through militdary operdtiounal settings and R&D organizations, good
ideas cau possibly surtace more easily and become reality.

Cur tinal example councerns our agctivities at /ATC where 1ntormal
linkages built through our use ot consultant skills has created gateways
through which tinished ARL products have been delivered to users.

coordinatlng training requirements and programs Lor USAREUR. An initial
visit with 7AIC statt members showed that they were generally unaware ot

! ARL, aund yet very 1nterested in the Lype intormation ARL was capable of
providing. Atter our learning about 7ATC's mandate and operations from
statt members aund written materials, we brieted dowa through the 7ATC chain
ot command, addressing what we 1dentitied as their staff coucerns, to
establish a tormally recognized gateway to this organization.

1
JATC 1s responsible ror planoniug, develuping, managing, and ;
|

- e A
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We began our work with one directorate 4t a time, first establishing
needs and delivering intormatiou, to establist a "track record” within the
organtization ol delivering what we promised, betore going to the next area.
We currently play a cousultrug role, visitiag 7ATC on a routine basis, and
being called 1n to address specitic problems. This allows tor tollow-up ot
previous work, and rdentiticatioun of new peeds. It must be recognized that
there ts only limited organtzational wmeaory within JATC directorates. When
a s>tatt member leaves, our work essentially leaves with him. Likewise, when
a iew stari mewber comes ou board we must briet him ou our mission and
provide a pachage of materials that i1dentities what has, aund can be done to
suppurt statt members' job requirements.

There 1s still no routine delivery ot ARI pioducts at 7ATC tor several
reasons. The 7ATC stai. carries a very heavy vworkload, and does anot have
the luxury ot reading ARl reports, evea wheua these are readily available.
we have learned through expertence that statt iaformation needs must be
(iearly detined, and applicavle ARl material Jdiscussed one-on-one 1t the
tntormaiton 13 t9 be recoguized and applied to the 7ATC wission, and
eveutually 1n ULSARELR. Using this approach, we have been able to identiiy
and address a number ot intormation neelds using pasi research products aud
curreat ARL dratt research materials. We have also been able to identify
tuture products, both short-term, and long-term, which address 7ATC needs,
aud nhave providea these as they were reledsed. Based on research product
ieedback and new operational needs at 7ATC, the SCO currently ideatities
needs tor lncorporation into ongoing ARL research, thus coontinuing the needs
assessuwent - technology transter cycle.

tn couclusion, we are looking &t research aeeds assesswent, information
dissemination, and utilization, which comprise a scientitic field ot
cont tuuing development - one 10 which a number of models have been suggested
but ncue arve detinitive. wWe are attempting to create not only gateways to
exchange 1ntormation, but relationships which can be accessed through the
gateways and through which the user can become a fuller part of the R&D
cycle to 1ntlueuce products both betore aud atter their creation. As we
pertorm the activities, we are constantly examining our actions and
ansessing how they ti1t or do mot tit smoothly into overall R&D management.
We are seatrching ftor system solutions to tacilitate our roles. It we do
not, we will always be treating the military needs on a baud-aid basis, and
wheu we, the gatekeepers leave, the pates may close. By detining our role
aud :dentitying the types or support aud credibility needed institutionally
tor the role, we hope to get consistently wore use ftrom each research dollar
on a long-terw basis. The payofr 1s in eftective, user-oriented research
managewent .
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The Reduction of Standard Errors of Equipercentile Test Equating through
Negative Hypergeometric Presmoothing*

Benjanin A. Fairpank, Jr. Ph.D.
Performance Metri s, Inc.
3825 Cellaghan Rd., Suite 225
San Antonio, Texas 73228

I. INTRODUCTION

Test equating 1> the process of finding which scores on two or more similar tests
correspond to the same level of ability in the population of potential examinees. The need
for test equating arises as a result of muny constderations. 1t is often valuable to have
more than one version or furin of a test. When rnore than one versicn or form of a test is
available, the particular form taken by an eaaminece should not affect the examinee's
expected score.

The replacement of operational tests regiires equaating when the scores on the new
tests are Lo be used 1n the same predictive or evaluutive cquations or in the same manner
as were thie old scores. Test egquating inay be carried out in any of a large number of
different ways, some of which are of recent origin and are technically sophisticated, and
some of which have been in use for several decades (see Holland & Rubin, 1982). This
report addresses only equipercentile test equating « applied to two equivalent groups
(Angoff, 1971). The terms "reference test" and "experimental test" are used to indicate,
respectively, the test whose score metric is to be used for the results of both tests, and
the test whose score is to be converted to the units of the other test. For exainple, if an
existing test known as Form K is to be replaced by a siinilar test snown as Form M, Form
K would be the reference test and Form M would be the experimental test.

\s with any procedures having the goal of estimating population characteristics
based on data obtained from a sample, there ure ulways sample-dependent errors present
In test equating. 1If en equipercentile equating were to be done twice with simila.
swinples, the results would differ. The extent of such differences has been estimated by
Lord (1982) and their inagnitudes appear s the standard errors of equipercentile equating.
As with all standard statistical procedures, the size of the exnected errors decreases
linearly with the square root of the sample size. It is thus operationally impractical to
reduce errors beyond g certain alpount by increasing sample sizes. For example,
decreasing the error to one-fourth the size of the error associated with a given sample
size would require using a sample 16 times the »ize of the original sample. As a
consequence, practitioners of equipercentile test equating huve looked for other ways to
reduce equating errors. They have imost frequently used the methods of smoothing.

Smoothing

Two general classes of siwoothing inethods were used. A third class 1S made up by
coinbining & smoothing method from the {irst elass with one from the second class. First,
presmoothing 1s defined x> the process of smoothing the observed score frequency
distributions prior to the equating. Second, postsmoothing is defined as the process of

*This report is excerpted from a techmeal rveport by B. Fairbank, Jr. titled
"Equipercentile Test Equating: The Effects of Presmoothing and Postsmoothing on the
Magnitude of Sample-Dependent Crrors,” AFHRL-TR-81 64, Air Force Human Resources
L.aboratory, Brooks Air Force Buse, Tleazas, 78235. The rescarch here reported was
supported by & contract bLetween the Air Foree luman Resources Laboratory and
Performance Metrics, [nc. The opinions are thuse of the authnr. The full technical report
is available from the author.
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smoothing the euguipercentile points after equating. Third, combined smoothings involve
presmoothing and pustsmoothing applied consecutively. The common intent of all thre.
smoothing methods is to remove small sample-dependent fluctuations from the
nonsmoothed equatings sv that the s uall sample eguatings will more nearly approximate
the asymptotic equatings, or those which would result from the use of sampies so large
that the sample-dependent errors approuch zero. The extent to which the varicus
methods achieve this co.nmon intent is investigated by this research. Seven presmoothin,
methods, seven postsinoothung methods, and fwe combined smoothing methods were used
as follows:

A, Presmoothing Meinods
1. 3-point .noving medians
2. 3-point movinZ medians
3-point moving weighted averages
. 5 point moving weighted averages
5-point moving weighted averages with root transformation
4253H T'wice
negative hypergeometric
B.  Postsmoothing Methods
1. linear regression
2. quadratic regression
3. cubic regression
4. orthogonal regression
5. logistic ogive
6. cubic splines
7. 5-point moving weighted averages
C.  Combined Smoothers
1. negutive hypergeometric ¢ orthogonal regression
2. negative hypergeometric + quadratic regression
3. negative hypergeometric + 3-point moving weighted averages
4. 3-point moving weighted averages r 5-point moving weighted averages
5. negative hypergeometric + cubie splines

l'he final presimoothing method (see Keats & Lord, 1962; also Lord & Novick, 1568,
pp. 2135-520) 15 one devised explicitly for smoothiig or fitting frequency distributions of
test scores. The distripution is the negative hypergeometric, whose appropriateness i
derived froin u binomial error model of test seores. The model assumes several techniey!
conditions, one of which i _guivaleut to the assuieption that all of the items on the test
whose score distribution is being fit are equally difficuit. That condition is known to be
false in the case of most tests, but the fit of the negative hypergeometric is still good
encugh to make it promising for further study (Keats & Lord, 1962).

Objectives . .

The aim of the present effort was to evaluate the effects of various diffei ent
inethods of presmootiung, postsmoothing, and combined smoothings on the accuracy of
test equating. The study was exploratory in nature, designed to determine whiech metl.od

hold the imost promise {or operational use.

if. METHODS

General Plan

The plan underlying this investigation was to use three different approache. t.
deterinine the effectiveness of each of 14 unitary smoothing methods and five combined
stnoothung inethods. The first approsch used stinuluted tests and examinees; the secona
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wrnd thurd sed Jute {eomd tosts adminstered tu eaaaniees under operational conditin

o
The wlvactage of shaulated tests und easiinets o> that all quapiiitative &spect.s of t
: e athees are coapleten soecified, wnd it s possible to kaow i advance !
ST U orelionaly efroftess equatngs or Uose epaungs whieh are unafiected

s cegenndent errors, Operctionds et 30 sourse, have the advantage that they a

Sl e o T uens typreal of the e unaer ariieh smoothing imethods would
.o o baore ot sstioon un Jdew! noder, o are the daty rom stinudations; rathie,
. conda s b e departares Trzin theory timt nay be {ound in operational tes
St s

D faest 07 tie three aetnods of ewvduatien involved compartiig each of U
s Uied equantiags Aith a known esrortess equating. Phe wown cororless equating &
aestonaoaethod that crelded resalts typreal of an eqeating wsing wn infinitely larg,
<o e eth o reqaires derivig a distridbution oi expected score {requencies, th

o s e Vet ahien woild resdt TroT adaiaistering e test to x sanple o far,
Coan Cerved prop St ut each srore were abserved essentially without error. T
cobo- e stpulted test amnistitions vere iseG for that method.  The secw

ol s stb e eeoapartso o suoaple and eritericn ey tatings, but in place of di
vone e ~soenbations and oon oA ercoriess eqaating, the comparison used operational..
ol w0l laly and an equating oased on aa unusually ' ze sample size. The third meth,
Ans 0 ase e statstieal jackknife (Mostelier & Tuaey, 1977) to estimate the size <
Sl Loouss of smoothied and unsmoothed equatings using operationally obtained da!
o7 o oetad datn Those errors w0 als) compared to stenicard errors computed
weons o the Top musa Ziven by Lord (1882).
Lact of the six si'nuluted examinations was "taken” by 100 groups of 2,000 simulee:
U ot U aetinds was used to admintster a test in ~imulatien. The first method .
~or b Lt ven by Ree, (19800, Tne second method mvolved taking a sample of 2,00
somery thois at canddon trom the Expected Observed Score Distribution (LOSD see belo‘ !
oo test s Seare distrirutions were tabulated for each simulated administration. 1
s oSt epgtn, LU0 sqinpercentile cquatings end sinoothings were then performed usi.
vonel ods s ertbed beiow,
G etnod sed 1o establish the ceiterion equatings for tne stmulations nsed in
e~ b s s hased on the EASD for cach test. An algorithim developed by ford &
Aogeree s THEsdL was ased to prepae distributions of eapected ovserved scores for e
U b tbated tests Inan EOSD, each score nas associated with it a proportion .
Cove st g fegueney. The distributions inodel the result of admimstering the te
At b s aoene of casrainers ana ooserving Lhe relative frequency of e
oL e e sinm] saiple cquiting, tN=2,000) with those that result from .
A de toen taose: baeed o0 1re FOSE the estent of improveiseat resulty
o athing s decetiy ooserva'te. Phe emorion equatings, then, are the unsinoofh.
equicercentile equatings which resalt from  uasing; the EOSDs in the unsmooth
epnereoent Ly ethod,

I . .[ T
a Phe coelational B that were used were Lovea 00 a2t of tost seores fue e
oo e uple szes (approamnately 10005 e ae ) for three roaghly parallel forn,
Lo vt s Etestse Ameng those sablests we s twe forms of one test of lengt
v bt S s of another test of leagth of 20 items.  [n addition o G
creL dntebutions of test sceoces tor ol esanmnees, there woere availuble 100 samypy
P seores for cuehof the four sublests, The sarvples weire drawn at random withe
go e ent froo the Taegor sopeples of 106,005 exaiminees.,

o the ope ational Gut. eritesion canetings were established by asing the O
vl of 100,060 exaninees.  As with the staulated Juty, the eriterion equatings we
e othesd egiioes rentile 